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N i F e^Sfeli'Cti, WPS2«**B sli-ttl^'l . 

2 1*, Co ©SlflMtX * ■< 8 Wit* 4 8 
TC A »J , F e ©M.'Sft Y # 5 0 US S*fcl± t? 9 0 WM 
%tlTr*0. Tn^fl {td-<LU7tfk<x&, Mi. Cr<0 
-# A & ^ i ± iK # ) ©Mtt Z # 2 H fcLtC £ 0 ft 

s?*tiTr* o . sijaftx + Y+ 2 = 1 0 0 fr£9*w& 

fflf&*?ifc^C Ox F e , Cfz^'C©.^ * 4 cntCct; 
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fgi^j^C Ox F e, <xz <7G^«itN 
Xi*. 8W»tLtt?4 8!ia«JWT*C*»J, Fe^ll 

.stt y it, 5 o ms%&±x- 9 o esHWT-c* & , ?t 

m. a ©S/Sfe Z (*, 2 eSHtLhr £ 0 W« WTC* 
♦J . flUftftX + Y + Z = 1 0 0 M9«[&Hff tanfc* 

[ §S*fl 2 ] EfigaC o ©a/SftX & £ 3 MKOt "C 
SSJttfcHTWJ, FeCBSfUtttYt*, 5 89SK£jl 10 

eSHKLhr £ 0 BS« tlTr* *3 . fiSttX + Y + 2 

Hi. 

it. 6 3*»iat-ce7. 5 efi^OT-c* o . p§a 
te^ aoflAtt z it, 4. ses«ti±ri3. ess 

KfclTC* 0 . flJAttX + Y + Z = 1 0 0 MKtt&n 
<fc £ afc-TfSIMtlll I Ct&ftttlUL 20 
[lg*S4] CoOMfWttfcX, FeonSWUtY. feet 
DfS*«<!>a*Jt2lt (X. Y, Z) = (26. 5M 
%. 64. 6g£«, 8- 9BS«> . (25. 

6 11. 5]?fS%} . <23. ZM2. 

%. 67. 5!l««, 9- S*»6> ©3£?H*ft& 

aspir* *j . a/stttx + y + z = 1 o o es9*&&h 

[lg*S5] H«ia^li*€>l&M^^!t£. or 

JI„ 30 

[ M-ftR 6 ] Rffiftfigg g§©l&M$3M!t £ . 1 5 
T U±.V&> *1S*S 2 ft (, * U 4 ©t, 'Tft^ia3t©#ti& 
ttM. 

[lg*S7] Miai&M$3M!t£. 2£Lh?*&tt 

3 a & t±4 

[ M#rjl 8 ] R£ft1^f^4>6a¥$tl 3 R a I* 5 
n m WTt?*> -5 sfcjSf l^^TW ^Tft^Kgg^ir 

[ §ft*s 9 ] R£ft1g|4 g§0«ffli<: (^IMHI^ja 
$ ft *tt 1 * t 8 <ZK ^ftjWC I^PttESteM. 40 
[f&£rs 1 0 ] w£^J£te6<*XhKtSN i F e £&JI 

jt y $ £ ft'C «, i ft i ' i/ 9 ©t ^ 

ft^KEtgottistt*. 

[ is*f 1 1 ] ms&&BMitj 9 $ ft £tfr* 

S 1 1 0©t^ft*KIB*g<^i8tt*. 
[ M-ftR 1 2 ] lfHtl!tM«©T*=i 7 ■ £ , SET* 

2 7B±Ki£xv* > ? 74/vi/t:^g£3ftfc±sMrJH 

4>& < £ <>— #©^ 7 JSit. §S*3S 1 & (., 1 1 ©j^-y 50 
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ft*>KE*R 3 ftftftBttHK J: *) «*3 ft T I * 4 £ £ ft 

[ as*® 1 3 : iSiaTsu^ r jb±k &££&ii* £©M 

snximmK. * o «ja $ ft-c t ^sa*ns 1 2 

ffl5HJ^ft?cigfl!SU<!;ftWb. 

m&h^mmmz&&.t * ? -fmt t?it*3ft, 

sb^^itpgaE^it, ±S3TH4i^'S'S±SS3Sf*S 

^ L l l 'TftfcKsESIS ft ?cic£*14^tc J; 0 ff^ $ 
ft'C C £ £ 4 WWmSSi^ 9 K. 

[ ig*3f 1 5 ] pga±s WJa tin Baaf5fH?ae-ce.s 

3ft. T*lB_taWBH±K#JSSft<6±*:a7Bt*N i 
F e ? ft4!t*)[B 1 4 SBJlKOiRMfig 

[ ssm 16] psa 2 7 Bit, i>& < £ fciSS*" * ? 
7{<: mi^ & 2 ■ tl±<Mftttll* & jA 0 . &h ^ 

©^ ^piai^tv* > -7"i<:^f ^i^iiB^, faials^ti 
jik <t 0 fi^^ ftr t, ^ hUim. 12^^1015 (d*. ^ft 

[ 1 7 ] iria^tv* * ? ymmt & ti^c?* 

©£*14JsitN i F e£&'C> j+TOn^il! 6 

ga^C'jfiJii^xv^ ? k. 

1 8 ] >W A«*ftJSt>fcflKt->r - * 
♦J . Co ©^is£htX jS* 8 WS%y±Z- 4 8 W»WTt? 

* 0 . F e {Dfidffc Y # 5 0 BfifS tlif 9 0 

> oaatt Z&2 WHJiKLhi? £ 0 M*6fclTC* 
0 . flflUtX + Y + 2 = 1 0 0 SS9*&&Hfii£afc-?r 
C Ox F e v o 2 ^fe«*^ h C t *4$«k£-r 

[g[S*ai9] ^fl+jS^Fe^+^jeS/Co^ 
*>^ftl. &«±£U. Fe^*>iME/cr^*> 
iMK * 2 tLh-C 4 KT £ b . I5iac o tinifUUtx * 2 3 
fS%fcLht- 3 £ »*« tlTf* *J . F e e>m&ft Y& 
5 8!ia«feLh*C7 1 WUHWT-C* 0 , tc^«©^M 
tfc Z 3&s 2 W^tLt t? 2 0 M« JLaT-C* »J , lifiSttX 
+ Y + Z = 1 0 OWBKti &m&&&tc?C o< F e , a 
? 4=fl^T4!t*)[B i 8ia^©ls^,4^© 
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*>a*ftl. 5«_t£L. Fe 

3. 3BS«tl±r-2 8. 3SS«yTr**i. I5SF 
eC'WLYil 6 3n9iULtl?6 7. 5WKiWT 
■C&f), wSTC^ar^aiSttZii, 4- 2SS%tLh"C 
13.6 WE%UTV& . S/SfeX + Y + 2 = 1 0 0 
WKifr&Hfl{fc**ifc'*' C o»Fe, ai^*«ftjt ? * 

*>a*ftl. 7J£Lt±L. Fe^*>iME/cr^*> 10 

?£g £ 2 fcLtC 3 - 4 fe!T 1 0 , Co ©fldtttX . F e 

©*Ss&t Y , J: te3£ a ©safe Z ($ ( X , Y . 2 > 

= <26. 5H««, 6 4. 6MS9i. 8. 

%) . (25. 5SS«. 63ME%. II- 

«> . (23. 3SS%. 67- 5g£«, 9- £SS 

« ) © 3 ° ©B * tt & «Hi*rC* ♦) . ttflgft X + Y + 2 

= 1 0 0 eS9*&&BS£afc-S'C o, F e v N i 

fli£ > * *e«-r&s)!*ffl i 8 £«g©ft«gf££©tgi* 

i>*-^&#_AT&tf:£fii 1 8 ftt'U 2 2 

[ SBJfc® 2 4 ] b51B^ ? * KS-ifjK* V-'l. 
h 'J A 4 m#M 1 8 ft i, ' 1, 2 3 ©i, ^ 

[£#S2 5] »ttttM«©T*=i 7 B £ , 

£ ©*hfliffli:'Bi saras ^ 7 a t * ? 7* /v u -cm 30 

i>^< th—a<o^7m^. \ s ft 2 4©^ 
.*r h c i ft«$ £ sssssst^ ?» h©^^^ 

[ at*® 2 6 ] USsaTSM 7Js±i<: !a^«£ft£ ©Mfl 

ffl*cT«»sii*Biia«*i/, *£Tttig&ji£R£ft 

mi&vs y *^.«^&S*e2 5 sa3©3SHeSi^ ? 
K©ISim 

[■#■2 7] T*a7HSEX±»3TJBi. S«iaT 40 
&saJ3ftfci&8<S|l£ftWb. 

a7B£ jittl* £±3M!B fc J: tfRffiTSBSH £ 
C©t*IIS±SIS ! BlRCJ t /*fct*T«li»l*, » 50 



HM2 0 0S-2 17 0 2 9 

4 

%^ 5* r©sne^o 

[ 2 8 ] BS£±»@Sfl ft B Bft»ffli*C^ ? 

+SJfi£t-, Biiia±a5M1S!S±cc±a;5 7Jaft^x i v> + 

[S*S2 9] l5ia27!Sft, *a<ifciSS*>? 

7 ic Bg-s- ss^r- 2 Ja W±©Mfi§T-^ . ** ^ 

IMHiU ^ 2 Js^±©iKfiJs fffMl/ , £<Dtm 

©t^^Kia?S©?IJiE2.^ K©ISg^S. 
[ §S*f 3 0 ] figa^^v^ * y ^HKS'S' S tlfkD* 

.^-r^!f*S2 9ia$S©^^^'>> h©Mii^Sc 

[ 0 0 0 1 ] 

xi^N ! ) ^©ftffifiBKtt&B $«N ! F eo#B 

s <fc o <>* a < *e s & i bisk , »AttKftnfc«:iitt 

£tt@££©ig£#3; £ eisSlii?^ ? K©S£*fS 
I 0 0 0 2 ] 

[ffl*©Kffi] WAIflWIKJd^? K©a7JiKtt, 41 
K^f^HS^lSSSffcKfT^^ Ht- ^fffiS^Sg B s ft 

wt z&m o . m& a rB©+" + ? ^jS^^ 

18**** JitTC, £ttAA4:M±d 

[ 0 0 0 3 ] msmmttvmu&fcbti >. f e 

[ 0 0 0 4 ] 

[£l^mUct^£^£P£S] maN ! F e 

[ 0 0 0 5 ] CftCCj; *i HiaN ! F e £&fi>B s 
^C^pItttCA'?^. ^M^*gB£ft£- or 

ntic-t hct t*-c * w o fe 0 <./*•• 4>^B©fiiffln^ 
na^A -? fc. 

[ 0 0 0 6] C ©<* ^ KN i F e A(,>ttRHi 

ft fFMf ^> C £ t*T * ft*' o fe 0 
[ 0 007]*fcNiFe ^AKWt: ct: < fi&S^ ft&Uc 
i^l4ftt4£ l/'C C 0 F e b51BC o P e £ 
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&M& F e©«BflSttiftaiEKaHEr*Ci'C. NiF 

[ 0 0 0 8 ] BMIijll^ ? K Ptko>M&£-5-o>mf&<>z £ 
-3 ft*, pgaCoF e£-#©±K:N i F e^tatJ* 
if£#A4#. g«iac o F e-&£J£©±C£N iFe^i 
*t WS-rf ? * Sec J; ♦? ji 9 ttmt&t * , C o F e 
-f * > ib u xmu tti 4 £ l ^ fcHSi* 

[ 0 0 0 9] C ftitwiaC o F e £#§(§£ NiFeSA 10 

**» 6 f A *) . C ■£ *J t*t>^s?feas*s± 
lVCSttS^fc©£#;l*>:fa&. ^VC^K^e&SjM 
£$£ftW^£fti£fifll£N ■ F e^iii^r^ 

1 0 0 1 0 ] * fcN i F e ^gf>C o F e 
KCoFeNi£<>J:< (RfflSn&ftESStD^^r* 
ft. fflAlWSB^ 10-1997 2 65&*K«. «2 
Ka«tfc<f>aa * 4 -7©C oFeNi ££g£ft£3£ 20 

finals £ftf^&. 

[ 0 Oil] bfrblX&ZCVQMiZtott&C oFeN 

i £#fli©&s£ttf it, ^rtihsmm^s&B s*s 

2. OTftTHO, N ! F e££*KJt^rajmflK* 

* a mmnasstit Bsmci*-?*^. 

[ 0 0 12] *CT'*SS(a±£**«Sg*!B^S 
fc#>©k©f A 5, C o F e «££©8ifl&fcft£iiElfc , $' 
£C if, SfPE2»®SB s ftN > F e-&£©B s J: *J 

< , u jN> fflifdiK 4> sn & iHSt±s £ c ©fei&fi 

Mft fill * fcJWKJS^ y h" . ft 6 ewe R£ft1g& g§©M 30 
ff}£Uf 

[ 0 0 13]* fc*IW!fcJ:. C o F e cr££KN i F e 
S-ifetatJf > ■^©JSOf kfpgac o F e«^g 
tf WT C £ ftFMf * , Si Bs^ tmt 

^9 K©IS^sfti£*T£i: £ ft BSliUf 
[ 0 0 14] 

[paftsfcr 4 *£WKfcw await* 40 

it. (g.'SS^C Ox F e, or 2 <7n^#itN i . C r ©— 
**4^lt3R*> C o ©HWtftX It. 8ftt 

« Otf 4 8 MtffcHTC* *J , F e ©ffldttt Y t*, 5 
0 gStfifcLtf 9 0 BSfcfclT T A 0 . 7c^ o ©ml 
2t*. 2W»Otf2 0!ia«JWT*C*»J. MtX 
+ Y + 2 = 1 0 0 KB 5 & 4H#ft Mfc* C £ £ 
■?£ib©f A£ 0 

[ 0 0 1 5 ] C©£Mfti=rf 4C o F e «^it'AI> 
4. C©* ^K*Wflft*N s F e *J fett,«m 50 
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wxm&. B $ £ f#4 C £ #f * 4. 

[0 0 16] b^*>^ffi@©fi^lt^P*ij$nf , 9 

sic «ss^g£3 niiffl©atsnft'i ^ < f * 4 . o & 

s * fl* C £ #f * 4 £ 36 k , BAttKa^wfeftiSfi 

[ 0 017] sfc+iffl-ct*, mac o©^ttxi*2 

3 SS«feLh-C 3 2 eSfcWTT* 5 . F e ©SSs^t Y 
it. 5 8W9iatf 7 1 gfi*6«T-C*> *J . %^«© 
^is£ht 2 it 2 gS%y,±f 2 0 W»WTt?4> 0 . 
ttX + Y + 2 = 1 0 0 SSSi&SHftftSfc^ C i*s*f 

[ 0 0 18] C©fflj|Mffli#rc**4. MHSiMSdEB 
e * S . 1 5 T Ot i C t ifiVlt h» L/J^4> Slffl© 
*i>S¥J*rti3 R a ft 5 n m«TKT C £ t^'C * , J: 
♦J ^^ff3tcrBAttft|6]±^ C i*!"II8t?4>*. 
[ 0 0 19] Sfc*Sflf(*, mac o0fljAJ£Xii2 
3. 3SS%Otf2 8. 3gfi*6tlTf**i. 
e©«BflStfcYt*. 6 3SS%Otf6 7. 5flJ*HT 
f*0, B5ia7C^«©^is£ht2it, 4. 2SSf*Otf 
13.6 W»WTf* 0 . *MftX + Y + 2 = 1 0 0 
W2%tt ZmfcZmtc? C l/l'. CftCC* 

♦J aaffflS«S!t B s ft 2 . 2 TOtti: U*-<>|g 

* . ct: 0 ^mm&'&t: flit $ -tt * C £ # pJtt-C* 

[ 0 0 2 0]* fc+lffl-Ctt, C o ©ttflttfcX . F e © 
^is£htY, foct:£J £ 7c^«©WL2it <X, Y. Z) = 
(2 6- 5SSSi, 6 4. 8- 9S£%) , 

(25. 5W«i, 63^S%, 11. Sflffi), 
(2 3. 6 7. &SS%. 9. 2W2%) © 

3 *-ca a aart f a d , &«tt x + y + z = 1 o 

B95aHSSBM«1fi Sgft g7:f 2 . 2 5 T K f * h C 

Raft 5 n mWT^T 4 C £ #H * , J: »J 
ftrAttft|fi]±5 €4 C i*S"Bif **. 
[0 02 1 ] SfcTHMTCt*, Bffift^itMOieBtcit 

TMsiftAH^ad n & c £ a*? * n ». ma^MsiMi t 

! ^ C r Ai^S ftf ^ £ C £ f fi^^ 
[ 0 0 2 2] C ©J: *> (Cft@ttiKOliB«i7tWM9^ 
^4 £ , !55SDEiSSK©±(i: N i F e ^fi^Sh 
f > ?+«j«3hfc»^'Ci, WEC o F e «£:fe*W 

* > < b i/ t:si* u-? c i t Hut* 4 c £^fef A4 0 

[ 0 0 2 3] ffi ^f *ftWC it, B5saC o F e Of ^Ji 
iaC o F e « J aafffl£jR®!g B s SO'iWAfift 
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1 0 0 2 4] * BCttBttBii-*' * *» 

.1555 n& c £ mis. -> *c B5iaitf£teflift 

ffS«©Jiiit£ ct: ^ r^stc * , x .> ? ? » -c^jsts ft& J; 

[ 0 0 2 5 ] Sfc*afl&. Bte$mS5©TB=i 7S 

fc±sM 7Js£ . n ^ TBKsa^i^ft-^x&s -Y Jt-Ja 

£ £ ITS' SIBBEST 7 K K ^ IT . fi'ft < £ t -:fr© 

^ 7 Bit, JzSbksmr * ft&irisfiSK J; tj e*3 n r 

[ 0 0 2 6] SfcTfeSfl-Ct*, liSTS^TJiiKiaa 
3gf± £ ©araHrTBKgB J*eei&8 * ft. bst 

m&wmiMRftwtmz * 0 bak ft r 1 ^ c 4 **» 

[ 0 0 2 7] *£H**£!Pil±, TStaTBStfiSa 

TB J: 0 <>S < !SH * ftfc&BB £ £ *t o , B£@g£ 
it. T*a7B4*ft'*'<&T*BSB. ±«a7B<tB 

SBNuftB-r *^t?^ii Ttisi? n, $> * «, »itw 

Gfigffttii. ±»a7B4j*ft*'*±»B«B. 

B53±b&bb £T3E ^ 7 a £ <dhk taa* h *" + ? ? 
js £ -c#.$ * ft . Bss-tBeBB&tf/* fc itTs« 

Jst*. -kffiKEBiSftfclitiSttBK <fc DBjA3*va>& 

[ o o 2 s ] ft&c©£ t . ma±»@Sflttnisfcis 
tt**c«j« * ft . ma±»@Sfl±K: «flS * ±as a 

TB&N ! F e SABl?-* ? ft£ c £#s?a u 
t*. 30 
[ 0 0 2 9] SfcTHMTCt*, BE3 7BI*. d»4< £ 
<>ES+" + ? ^KISS^ * S** 1 2 BfcLt©BteB* 6 
Jtt 0 . hh b >t*ff£BSB# 2 BfeLhOOBttB* 6fl* 
♦J . BffiBteB© ^ feBES** t ? ^KSW4BttB 
BgStfStegK J: *i sBSSi* ft-Cd » 4 C 4 AW S L- 

[ 0 0 3 0 ] SfcBEBSb* - * ? ^KBtfatlfl©* 
©EffisiiN i F e££C> s+BfcSft^eiasfl 1 * 

[ 0 0 3 1 ] ±te 1/ fc J: 5 K*|W!K *sW *tt»teB £ 40 
L/C©C o F e cr^ti. &$m%&&B$i*2. OT 

tLh < . * fciBtift* 'j »3 1 c © J; ^ ttwmm 

? :f ifigr©K£©***fc £g »J , imit 
3 4 C i 36&'C # , 5 tcM Ate Kffift^dflg^v^ K 
ft B j&? & C 4 ^fif* *c 
[ 0 0 3 2] S&*aflK4sWSiaeteB<!«Ji*S 
it. ^XSjifcJfU'fcS^ iK J: 0 , Co©^l 
«tfc X* 8 W»KLh'C4 8 W« tlTf* 0 . Fe© 
ffiSttt 5 0 feLh-C 9 0 WJiWT-C* 7c 50 
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S« <7c^«t*N ! , C r©— ^ttMlj) ©^ 
tfc Z ^ 2 BS&fcLt T 2 0 gS^WT-C^ 0 , SSs^tX 
+ Y + Z = 10 0BS«5t *S«fta&-rC o, F e v a 

[ o 033] p esit, mmssst B s K^tSSSS 

ft^^.^o FeB*s*fr(,»4Bstt'h3<ft&. 
1 0 - 1 9 9 7 £ 6 m^<imZ &nfcC o F e 
N i dftit, P efi^SA-Ct 3 0BS*fiT4>5 . C© 
i^Fe BAii'ft K>£t ifimmeSim&. B $ *s 2 . 0 
T ct: 0 < a&HH©— 7f-4>i i^A ?E>ft £<, 
[ 0 0 3 4] *©-*TSE*©J: ^Kgs6e*£flH*fc 
+ Si" £-?XJ ■? * ^rSr it. P e S 

ft C £ ^B 1/ < , 3 * it^' ? * &*© Fe^> 
* ± W h £ t V, li*© F eM ^ i it&fc 
CftKfeRff**»J. 2. 0Ttl±©BaK*«* 
B s £Wf£C oFeNi S^ftB^C £#T'*&*>-? 

[ 0 0 3 5] -e C tr-^^-C'it, CoFe flf^-iftt^JL- 
XScfcftfiH'fcBSt-* ' tiKi ^Wf^ 

*^©ON/OFFft«iBl/, Jt ?#JKfl»BK. BBft 
STBHi, Ba***Ja<r^awBIS*aSW5. C© 
ct e»K@?j|ft!i3 w^BfffS^ggw^c; -t-c, C o P e a 
^#Slft, d>UT^->f f #«flSU. B8IW«ftB<r»fc« 

©II 0 ftSf ffi-r * C i ^BJ^CC fjr - C «, ^ 0 -> ^ ^§'31 

tt^ ■ s n & f e awfi©aB*ss 

BK £ 0 , BG P e *B* » *) iMr C £ * 

[ 0 0 3 6] J:ft«, F e ©»tY£ 5 0 B 

BKOt T? 9 0 BB« WTK-S- & C 4 *r * & . C ft K 
J; 0 ttfnBBB B $ ft 2 . 0 T «±K 1? * & C t jdtfB 
ili©^tc J; 0 1>*"? f », ' ^ 0 1* C o £ 7c^ or©^l 
mtt t tt&ifi. 7tM a ft Aftf ^ £ hSSBM«1S <g B $ 
ifi 2 . 0 T J: 0 4>«£T-? * C £ **»B«iMIB(C £ ^ rft 

*-»*c^&. *5S8ft±. c o ©sififcttx ft s mm%& 

±'C 4 8 B*» WT th. 7tM a ©Wt Z ft 2 I^S^ 
tli-C 2 0 BB9*KT £ T 4 C £ f. ttfnBBB B s 
^2 . 0 TfcLh*C* *J firAtec;: tffift"<:C o F e cr^* 
ft > ? +Bjfi1* * C £ *5IttK ft fc©r* & . 
[ 0 0 3 7] * fc+lfeB-Ctt, -rf ? * fS*©F e A * > 
jfeg/C o -f ft 1 - 5 tLhi F e 5t~>i^ 
S/cr-f * > ja«tft 2 GLk-C 4 WT£ U , BSC o ©^1 
Attt X* 2 3 gS%y±'C 3 2 BifcfclTt?* 0 . F e 
©fSfiSttY^S 8SS%ia±f'7 1 BS««TCA0 , 
tc^ «©«t Z ifi 2 BBJiKLhi? 2 0 BB*6fclTC* 
♦J . BflUtX + Y + Z = 1 0 0 BBfcft&Hff taHfe* 
Co.Fe, «,^A«t jt fl C 1/ 
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[ 0 0 3 8] ZimtCrt? J: 5 K , ±IB© ^ * > 
?&f ttri}^3ftfc.C o F e 

B*ttKan&ftS8tte* > ? +HET4 e 

(f4. 

[ 0 0 3 9] * fcTfeSfl-Ct*, -»f * * &*©F e A * > 

*/cr^*>aft*2feLh*C3. 4tTF£U Co^ll 10 
jatfcXt±2 3. 3BS«tl±r2 8. 3BS«tlTr* 
♦J. ISSFe©«B.SttYl*. 6 3eS«JSLh-C'6 7. 5 

mkwtc*!), iwas*«<!>a*Jt2it, 4. 2* 

fiJ*tLtr- 13-6 ©S^OTT* f? . flJAttX + Y + 
M* > ? 4 C £ # <fc 0 *f * U ^ flUtT 4**la 

kst x *> k . ±=a© a * i>£gatw!& * n& c o f 

[ 0 0 4 0] * fc*«fl*Cf*, -rf >• e ^ * > 20 

?&f/Co-f*>?££4l. 7W±£U Fe-/*>$ 

jatfc X, Fe ©8/8tt Y . 4s J: or ©Safe Z tic 
(X. Y, 2) = (2 6. 5M*6. 64. 

8. 9*»6> . (25. 5*»6. 63MS9i. 1 
1. 5HS%> . (23. ZWM.%. 67- 5g£*fi, 

9 . 2 ) © 3 £X'® * ft 4*»1?#> . K 
X + Y + 2 = 1 0 0 Mfcft 4Rflt£ aHfc* Co,Fe, 
a 2 % ? 4 C £ #ft U \, 
^^KjnT J^K, ±!a€>W*>a^l-Lr'ffM$ft 30 
fcCoF ea^TT'it, aaffflS«S!t B s 4 2 . 21 J: 

[ 0 0 4 1 ]* *:*IWC'4*, C o F e «££:©> ■;■ * 
t\ tl-^^yi'+h 'J (C.H.CONNaSO,) 

? ^ y h y a 4 e trc o f e 

[ o 0 4 2]* fc+iffl-ct*, ma> ? *is+k . 2 - 

4y*-^*nA*4e4jW*u»* e 40 

ftK J:-jT>* ? *®.«3ftfcC 0 F e cr^OtiMftS 
coSH^ffciijcpsrtJ 3ft, BffittU£&#'J < & * c £ V 

Mn«:$Bt#± og < & o , mm^m^nmm $ ft 

4. Bffift * WM-C JKi -ceiSA H c 4*3 < 1 4 

c £ fepjflitc^ 4 C 

[ 0 0 4 3] * fcTHMTCt*, I5ia> ? *ffi*K £ - x 

n^fbmmf- v y a** At * c ± ja*» * o 

i*. cftKA-j-Cjtfl+iS^Kit;***!*, 

*3ft, Se*JIWS->f ?#*(Cf5t«T*CiKj;*ffltt 50 
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ft*w*rca*. 

[ o 044] * /cpjia 2 -xf- ^^*^jnegj+ h y ^ 

A*. 2 - J- VJL-^K-f ^ y AftJB^ft:**, 

-»{ 9 * tiiS A O fc i # ©Sit fe^ri- <t < , U fcW -? 

< atA-s- * c £ . ma**0Dtt*4 «fc o 

[ 0 0 4 5 ] Sft*!W!fci. i^iiW4^T^5 7Ja 

ntcm&iimc&mm&mvs ? *jkbw*c i4^ 

&£T4 tcr>'C*4o 

[ o 0 4 6] * fcTHwrct*, wiarsu^ tji±keii 

[ 0 0 4 7] *fc*IW!«. T*a7HSEX±»3rJB 

y ■? ^*i*rsi©i)lij-^B<i!aT^^rBSo'±gu^rB 
J;0 4>3a<ffl5HJ3ft?c^§!SU£4Wb. mzmmw, 

TS3TB£iiSH'4TSeSB, 
4±S^@B . 4s J: O'ffiaT^^SB ^BS£±»@Sfl 
■K Cat-*' 4 =F + ? -7B £ *C*j« 1/ . *4 ^ \iM 
S4. ±S3 7!i£aST4±SSSe!i, 4>J:tfi!S± 
WSSH £ TSli^ T B £ ©|«K«Urr 4+> -?^T1£ r- 

B4. ±SKaa3ftfcSg*SK«t4aiefi»-cjf ? 

*««S'4C4*4Wt£"r4<><!>l?*4o 

[ o 0 4 8] $i-c-&mix'iz, B5ia±s«B^H«iai^ 
sattKT-jf ^!a±^s«!S±^±Eii2rB 

ft«SU ? +SKJ: *) N i F e^^'C^ ? 
[ 0 0 4 9] S Iiga3rB4 1 ^< £ 

mb. * 4 tr^taiaissw 2 ■ ^©etta-caMa 

4£*14B 4 , m SSHrMW&lC J: »J ^ •>> #«flW 4 C £ * 

If* U>o 

1 0 0 5 0 ] * BiSES+" t ? ^SCi:^ 

* 4tl?f<!>ft©®ttBft«SU ? ON i Fe§ 

A'C^ •? +fl&fi£T4 C £;^StS L/t\ 

[ 0 0 5 1 ] ±SL-fc J: 5K*SffiK4sW4ePEEteB£ 
L/C©C 0 F e «^4-'^l-X^?:ffl^?c«t ! v> + 
mc ct: *J -»f s * RnW 4 C £ f, Co tinajottx * 8 M 

a»ot r 4 8 gs%y.T'C*> 0 , f e <r>a«tt y # 5 

7E^crii:, N i . C r<J>-#*4^G*5!!lf£> fl>jafi£tt2 
jS* £ SUtti tLh-C 2 0 ^ , S.«tt X + Y 
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+ Z = I 0 0 H»6<e*H«**fcTC o * F e , cr, S 

[ 0 052]*l/"CC<DJ:5 wSaBttKfcMB&S^ ? 
K© 5 T W i t, *C 5 CiT, jHf ffi&jRSg Bs# 

ft&sessst^ ? r s o a < Ma* & c i a^* 

[ O O 5 3 ] 

i^m^mmm] m i (*, -mrnvm i s^?&© 

WiK5S^ ? K©*aiEfiia, H 2 i*H 1 KtST-UHMB 10 

[ 0 0 5 4 ] *»BKfctf4?WlB»'N? Kit. ?*±5$ 
^ ? K£#AT£-fc 7 s. ZttO^y AV\ 1 © h 
'J > ^fU^ffl 1 1 a KBfcSftfc t>©-C'4> 0 , MR - * 
K h 1 i , wii^JS©^ > ^ r -f 7'^ ? K h £ 
Js 3 ft , MR/-f>^7^ TlS&^tBKSlA. ? \ 

[ 0 0 5 5 ] MR^ ? Kh 1 It, W*a&R^&m\s 
X ^ - Y f-f * >? it £Q%LW£&fs>h (DftftWn 20 

l o 0 5 6] 12 ccs^ct: 5 cc, lijia^ 7 -f J / i i © r 

U- L> > ?f0gfi 1 1 a ±i<: A ! , O, £ I 2 l/T N 
• F e^^^t^^tiW4M©T^i'-^ KM 1 3*WB 
ft, $ &K ^©±CCjfi«Wf4»©T«^ t?^ll 
4#SSA3ft't^&. 

[ o o 5 7 ] mar*=F+ ^jb i 4±uii£S!§ft£ 
m r > aw* 4 h > * A&msmsi&m < t m r > 30 
mmmmo>±.m t?^ii 5 ««j ft -a » £ c $ 

feKHffii**"* ? 7js 1 5<Z>±KN i F e*f©IStttf 

t4c-^A^ft"c±^v^^ his 1 eaMBrtsn-c^*. 

KJs 1 6*'C'©fHJS^C#A^ft'Ct,^ 0 

[ 0 0 5 8 ] SK@ 1 £tf 2 psa 

*6 R£G d 1 7 ©«WiS $ tS'C^ + 
s ^f7A < G d > j*ftM£ft&. it!2G d 1 7 

itpj * tfwaasstmt^a* ft & . 

[ 0 0 5 9]* ^piaTSli^TJs 1 6 ©±ffl 1 6 a iilgl 

i ic^f j; . i i<Mtm>t> ^ 7 ? 

»B*C«J« 3 ft X *t *) , CftKj:*)-!MK7iJ>y>i' 
[ 0 0 6 0] * fcH 2 OC^T J: ^ . UHMttt ©Ml*] 50 
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3ft'C^I> 0 

[ o 0 6 1] siaegi i & itT^^rasgSB 1 9 , 

^£*14©^ t?^12 0 . REHttKM 2 1 ^flH 3 

[ 0 0 6 2] ns?TSM!i 1 9 it. TnE^TS 1 6± 

Kt«-»f fl*»**ft-C(,»*o *fcBKT«B«m 9 

©±Kiij«shfc^ +v*m2 o it. > ? 

*KttftB 3 ftT t ^ C i (.A \ m# 
ftK«, N » P. NiPd. NiW. N s Mo. Au, 
Pt. Rh, Pd, Ru. Cr<D^* lSSfclSSSIU 

3 ftfc *>©f* * C i jWS * 0 ^. 
[ 0 0 6 3] «t*S*IM|K*sW&IU*W<fja«e*<t L/ 
■CSS+'t ? ^!S2 0 K&N ! Ps&Hsffl3ftS. N > P 

r-Btia^ * ^ -fmz o ^ffM*4 c i'c-pia^-f' ^ 7jg 

[ 0 0 6 4] 5 6CCwga=F> v"Ja2 0©±^f^s£3ft 
fe±EMJa £ 1 It, *©±K«J«3 ft^±SE5 7Ja 2 
2 4K5S«K***ft&. 

[ 0 0 6 5 ] ±!a©£ ^Kft ? ?! £ 0 ? *«J« 

^mm&Mmxw^ ft & i . Tasssa i 

9 . =F * ? -71 £ 0 S£>'±S«JS £ 1 * ? +* 
A1*4Ci^5J^-C*4. 

[ 0 0 6 6] ^4$BS£IBAAi 1 8 it. =F* ? 7g £ 0 S 

o'±E|J^SJa£ i©2Ja'Cffl. | E53ft'C^ii:<jJ;(.^ 
[0067] Hi KS* J: 5 k, 1 8 (* h ? 

Tw-CS5.A3ft'Ci,^o 

[0068] hi &xm £ kjs* j; 5 {<: , ismes i 

8© K 7 ? {0^X*|6]) ©HWa^W ^ 

rsif^^r { H* Y ) (C^lfttM 2 3 3js«j« 3 ft'C ^ 

Hyga^SS £ 3 ©±fii^f!ga^S!£|i 1 8 ©±H i IH 
— ¥Si3ft4o 

[0069] H£ cc^ct: ^ (c, fiia^Ja 2 3 ±ccit 

a^*12 4 asBSttK- 1 ' ; * - >fiJs£d ft X * . S fc 

ma 3 -f Wi 2 4 ±i tiiiftttittoiAiu 2 5 k «fc - j r 

ilftft-Cl^. 

[ 0 0 7 0] H £ KS?J; 5 K, 1 8 ±*6«* 

Jg£ 5±K3W**C±*a7H2 23^*1*7 U- A>> fl 
*ttK J: »J ^ * - ftr i, ^. B 1 tC^-T ct:^ 

K. ISS±S=i7B2 2©*iaa52Sal±, sa^sifti 
©^rafflTT'© h V y ^Win^h^Uw^^l 1 1?© 
A3 ft, ^4i)l*^T li*h7j ?i)1TwJ;04>7^S 
<ffM3ftft,^ 0 

[ 0 0 7 1 ]* fcH 2 tC^TJ: ^ K. H«ia±^3 7JS 2 
2<Z>ttNHB2 £ bit, T§|i^7Js 1 6±K»A3ftfcl8 
flrt (MKtHCItll ( -> < ? ? *" t ? 7i) 2 6 ±K 
Si3ftr^4 0 

[ 0 0 7 2] *SWClt. n£±«KSH2 1 Sti 1 /! 
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[ 0 0 7 3] fifiSrotfC o.Fe.o, < fe« l/jEJRa 
it. Ns, Cr€-**^(,^M)t'i$i;. Co© 
aatfcXI*. 8i»<Kl > e4 8flJ*HK*'), F 
e ©a/8ft Yfc* . 5 0 eS«JSLh-C 9 0 Mtt WTC* 
♦J. ^«©Ss&t2it. £BS«tl±r2 0gS«fel 

tc*o , aattx + y+ z = i o OM^fc-sras* 

[ 0 0 7 4] iftni&RSg B s it, P et#H'flW: 
* < C i * 4. fctt l/F e < ft 0 T 4 10 

£tt#CT? •& i t h icm^ m&mst b & *><st u t u 

[ 0 0 7 5 ] *%mvi£±.ZS<D£ J ?lC F e Eft 5 OSS 
« W±r 9 0 SS««TK T 4 C i 'C . MIM^ 
2 . 0 T ELtK T 4 C i * 4 0 

[ 0 0 7 6] F efiftlfct, tfcBtti (WHfiSfeiiC o 

ft£ tc^ a ©hs&bc ft -& /)\ Co*. must &c lv, 

T\ 7E^a©£itg&fci&5&$£B $#£. 0 T <fc 0 <>-'h 

3 < ft & ft b 'S Atcisttid &RK J; »j 

7c^ cr * 2 0 J: milB3lt&&. B s # 

2 . 0 T £ 0 1> 'J ^ < ft 5 C t -> tCo 
[ 0 0 7 7] ±HCMft£«tt« A-C+affiTTtt. Co© 
£§s£ttX ft , 8 I^S^ fcLBC 4 8 WiJiWT il. Fe 

oms&t y ft . 5 0 gfi^atr- 9 o ss^t £ u , 

**cr<DfflJ!ttfcZft, aiWKfclLtCSOMfcfclTi 30 
[ 0 0 7 8] $ td&WM&K.ltS&S C i*CMffl<!> 

raftfti>ft < -c- * , »*tt*fl±3 # & c i *i*c * , 
$ h mmh h c ft* $ < c ± * Att&K 

i*rihii£4£ 1 5 8 0 < A/m> tlTK-f&c; 

[ 0 0 7 9 ] * fcC o F e cr^fe*i±iaaWWeHrtl?* 

15 UQ - cm) Ot<!>tyfiKft»&«:t*t? 40 
^. I fcB&Sft 4 0 0 M P a WTK-S* S C £ S 

ft. 3 6K||*14liffHkKlfln:t*. fBfc*>6*«Hl 

ttMtl/tr-HWKHWSft'C^&N i F e£££HS 

[ o o 8 o ] sfcTHwrct*, mac o©«txit2 

3 MtffclLtC 3 2 MfcfclT t?*> 0 . F e Offltittt Y 
it. 5 8W»at-C7 1 JttWWT'C* 0 , 5c^«© 
fititJt 2 it 2 MtffclLtC 2 0 KWitlT-C* 0 . *M 
ttX + Y + 2 = 1 0 0 flIKft&Mfttttfcf C 4jW 

50 



♦W2 0 0S-2 17 029 

14 

[ 0 0 8 1 ] C frt,ic£ *J safffig^Sg B s ft S *>(EiSWt> 
ZZtifiX'S. H#A(C(» £ - 1 5 T tLbWfiSlEKB 
S B s ftitS C £ AST * -S . 5 & ^©"S>i«¥S9ffi * 

ITS 6cc=^miSK:is^SfPE»s®SB s ftWi/. iW^ii 

[ o 0 8 2] sfc+iffl-ct*, mac o©«txit2 
3. 3sa%w±t:'2 8. 3efi*6WTr-**i. H<rsaF 

e©fflattYfci. 6 3SSSitLhr-6 7. 5g£%«T 
■CAD, pgaTC^fl'^IsfehtZit, 4. 2SS?*tLb-C 
13.6 WSifclTT* 0 . mtitX + Y + 2 = 1 0 0 
SSSiftSHftftSfc-TC i^ct ♦)» * L/^ 0 cncci 
*i^fP^B!t?:2. aTOtKl?**, 5fe!^a©* 
*S¥JW* R a ft*ISK & n i«i«TWI»CiK'8 

[ 0 0 8 3] * fcTHMTCt*, C o © WLX . F e © 

a«jtv, 4»j:WcS<(©a«tt2i* <x, y. z ) = 

(£6- 5SSSi, 6 4. 6SS%. 8- 9S£%) , 
(25. 5Wi?i, 63^S%, 11. Sflffi), 
(£3- 3g£%, 6 7. 9- 2H£%> © 

3 jS*CH * ft* Bart "C* 0 , fflflttt X + Y + Z = 1 0 

J:0SaH£SSgft2. ST<t*i<>A*<r-a4. Sfi: 
«B©*ifi4IT««l* R a «KI(C 5 si mWTKTA C 
i *s*C * 4 0 PJ^.itF e ©«t* 6 6. 1 ltS9i, C 

o©a i attftS4. esssi, jEg«<E>asttft9. 3 

[ 0 0 8 4] &tm&jim a Kit, N i ftjBRT* C i 
i^SsIS 19ft. Co F eN i ^fet*«? & C 

u». issac o f e n i &*ft±saaaart-csf.qw 

K-c * 4 0 * ft: N i ©?^f«{<: J: »J ^ SlrS^ ft 'I ^ < t 

[ 0 0 8 5 ] tl±©«fc -kfil/fcC o F 

ew^it, ^fP^B!tBs^2. OTfeLhi*^* 

©^ > 7~m%ici&5R£m^£i*x&m&&£m±$i* 

WltiillSft flWIKJd^ ? K * C i he L 

**jja<!>a««Hrtt***nfcc o f e «^#itii 

[ 0 0 8 6] H3it, *&WK.hVtZm21&W&0>m 
JgES.^ K©fiBift7ji-rs|J^iEfflll. fa 4 itH 3 CC^ 

[ 0 0 8 7] C ©SMJfJ-C'it, MR^ j h'h 1 ©#ii 



15 

TBl6±Kit. «£*JS3 USfl&aSftT^*. H«i!3^ 

SB 3 i Kit. 5^aifti<o(Sflffl*>6^-f r^ra m 

*I^fi£?#3 1 a #^A£ft-C^& 0 ?ilHf5A 
?§3 1 a itiaiSs$&£©ftl*!fflKfe<,^C 1-7 y ^itiT w 

[ 0 0 8 8] Uga r 7 ? :>tS&8»3 1 a Kit. Tfrh 
TS«Js3 2. ?7"B3 3, &tf±Mlft 

[ o 0 8 9] H5?F$@g!i3 2 it. rn* rm i e ± 

©±K«flS* ftfc^ t?^|33 it. > ? *«*"Jt8tt 

*ete^istm-ce.?a * ft-c t * * c i u \ mw 

N > P. NiPd. NiW. N>Mo. Au, 
Pt. Rh, Pd, Ru. Cr4>^*}ltt«fct*2flUU 

[ o o 9 o ] %frmmtctev&mmtj:^m}mk u 

THEf + y 7*B3 3 KitN ■ P*>Msffi£ft&. N ■ P 
VffiEE* t y 7*B 3 3 ft ffMf & C t trlaSS*' + •;> 7"B 20 
3 3 *aHWK#®tttt»K*C*&*6*C*&. 

[ o 091] ftjemaiefftf 3 o it. ft * ?s 3 3 a 

£>'±S|J^@JS 3 4 © 2 JS'C'tSA £ ft'C «, >1T t J: », \ 

[ 0 092] mef t y-^mz 3 ©±k«, laissift £ 

£ Sim 3 1 ±K*> W T G d ft«>H 3 7 36fl&a3 ft IT I * 

[ 0 0 9 3] 3 6KlMSf + y 7js 3 3©±KffM$ft 
fe±E«Ja 3 4 it, ■C-©±Kfi^2 ft£±^=i 7JS 4 

[ 0 0 9 4] ±IM> J: ^ K f t ? 7g 3 3 j5M ? *«J« 

^mm^mmvw^ ft & t . rmmm 3 

2 . ft ? 7'S 3 3 S£>'±S«B 3 4 ft ? 
AT4C t#5J&'C&&. 

[ 0 0 9 5 ] m4 ICttc? t: 5 K wsaffifUi 3 1 ©±Kit 
2 ^Jl 3 8 #JS Bftfrc,- < £ - >^g£3 ft T" ^ 4 o b51B 
^ -/ 3 8 t*a*ttttttH& irt***nfc»IM 3 
9K<fc^TiIbfti:<,'£. 

[ 0 0 9 6 ] 0 3 K^t: 5 K, h ? ? » «AMK3 1 
a © h 7 y i> mi? fa m*Xijfa > ic tetf ^SPJiifflK 40 

it. i«§Lb£@Sli 3 4 © ifflA» SSifettJB 3 1 <D± 

B3 i bK^'CT^^rni e^fsn&*raKofc 

#VC^Kill^:W£#£ffi£4ffl3 1 c. 3 1 c*«* 

A2ftr^& 0 

[0 09 7] *l/ , CH3KS«'J: J >K±*ar!t4 0<!> 
4 0 a it. MLbtfiSSfl 3 4 ±ffl*&RBaa 
13 1c, 3 1 c±K^'CT^^7Bl 6^gft& 

[ 0 0 9 8] H4 KStf J: 5 KHE±gea TJs4 0 it, 

laissift i <r>*f[6iffl^ w mm < las v*ra > k^ so 
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9±K*«3ft, B«ia±SU^TJs4 0€>« 
0 bttTiSliaTS 1 GiKitg^^^c*,^., 
[ 0 0 9 9] @3SDf@4K*-r^S*fc^»C(*, T 
ttSSH 3 2 feiti^SB 3 4^, CoM 

Alt X *s 8 eS%fc',lf4 8 gS*6 tlTT* *J . Pe© 
»*Jt Y# 5 0 SS*6feLh-C 9 0 ft£ %«TX"'* 0 , tc 
Jfior (ftifiit/S^ait, Ni, Cr©-**^(,4t7X 

a > ©MAtfc z ^ 2 sa^tLtr- 2 0 gfi*6«T-c*> 

0 . flflUfcX + Y + Z = 1 0 0 SS9*a&Hfii* a& U 
fcC Ox F e, # 2 -C'ftfs£$n^. 

[ 0 1 0 0 ] *^rit. asc o©a«ttx«£ 3e 
m.%v±v 3 2 ms%&r^i> *) , f e ^i^tt y it, 

tfc z it 2 ea9*ati:- 2 0 gfi*6«T-c*> *j , sas^tx 
+ y + 2 = 1 0 osfi*63c *H«*a&-r c a u 

[0 10 1] Sfc*Sfl-C«, |iSCo<f>a«ttXi±2 
3. 3SS%ia±tT-2 8- 3gfi*6tlTr-**i. aygaF 
e©«BflStfcYt*. 6 3Wi9itLt-C6 7. 5flJ*HT 
•C*0, wgaS^ar^aiSttZit, 4. 2SSf*tLhr 
13.6 W^tlT-C* 0 . «bX + Y + 2 = 1 0 0 

I 0 10 2] * C 0 ©a^ttX . Fe© 

a*ttY, fc«fcw*3Ro©«iuatti2t* <x, y. zj = 

(2 6. 5W«i, 6 4. 6SS%. 8. 9g£%) , 
(S5. 5SSSi, 63P£%, 11- 5SS9*> , 
(2 3. 3g£%, 6 7. &SS%. 9. 2g£%) <^> 
3 jS*CH * ft* Bart 1?* 0 , fflflttt X + Y + Z = 1 0 

[ o 103] ner«iBAii3 2 Av±«ftsi 34* 

2 . 0 T tLh©*t ' ttlll^laKdE B s tW* &±?2 1/ ft; 
C o F e a ^#'C'©A $ 4 C i V. ft ■? 7"iSfgKM 

sga^ssgitKffiftfciyiM^ ? r<o 

[ 0 10 4] % tcmstC o F e a^#it, ±sa^ir£*5a 
rt-CRfl* * ft4 C i -ClaSS MK^s£;± n . KB-C<!> 
iMft ft WHK? * , ihfttt *« ± 3 it 4 c i #V * 4 0 
*aWClt. BE»ffl<[>«M.*¥*Wi3 R a ft 5 n mVt 
Tic ?&ct a S. S fcSiSA H c ft 1 5 8 0 (A 
/m) WTK'|^< ras. 

[ 0 1 0 5 ] B 1 ^^t,B4K^*fd©S|-C'it. t,^ 
ftibTnE^TB 1 6 t _k#:a r Ja 2 2 . 4 0 Ht«: ^HE 

is. 3 o ** i/, mass« 18, 30 iiiwtr&T 

WSSH 19, 32 & tlf/* fcl*±»i£H 21,34 
it. C o <5>ffi«JtX afl* 8 P£W,±C- 4 8 Sfi^tiTr' 
h 0 . F e ©ttsSft Y j» 5 0 MXfclil? 9 0 JHWH&i 
7c^a (ftftL/7C^ffit. N>, CrC-t 
* 4 > ©ilAtfc Z * 2 W9*Ot f 2 0 l^S^ 
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WT-C* »J , SSs&tX + Y + 2 = 1 0 0eS*6ft *f3fi» 

i/ & c o « f e t « 2 tHK*s n* ji*. *&k*2bp3 

■CttiSSLtSKSB 2 1.34 #B«g3 C o x F e •, a* = 

arc#j« * ft. R£-ttfE£ffn 21.34 ©±k so r 

[ 0 10 6] Sia±*a7!12 2 , 4 OlttHUBAftft 

wi&X'mmmc«n,>x. ±^7«g2 2, 40*^15 
ia±s«js 21,34 k au£Gsi&F&*< Kit, 10 

i<5a±£ 2 r a 2 2 , 40 ©sansssfeift**^-*' 

*%mv\t. CoF 
e <r££J: 0 fehbteK^S^^N ! F e ^&±SMTJB 
2 2, 4 0Kffl<,»*C±#. HSSSglfcftH4±r^ 
MC*il> t -tt^B5ga±SMrB2 2, 4 C'Kttia]*.tt 
N i..F e ft*. 
[ 0 10 7] A-c*a^r'i±±3®5S2 1,34 
iU-CCoFea^fe*fRffll/, ±S|J57Ja2 2, 4 0 
iU'CN ! Fe&fetlffll'Cl^is. CfttCfcOWE 
±SM T Js 2 2 , 4 0 grSS^ ? *&K IT ? # jUflS L/ 20 

u^ij, Re±tffigffii2i. 34#-f*>{t$ft 

[ 0 10 8] *^ffiKfeti^jcS<((*. £SvBNtg£ 
MCit', BN53±a5i^SS2 1 , 3 4©i*ffiKttT:fl 

SBB#g.««*ft. ±sse!i2!, 3 4©-f*wt£ra 

[0 10 9] CftKJ:»J±aHiSJi2 1. 3 4©^*> 

[Oil 0 ] «t*sT«BBH 19, 3 2 t>C o F e 
AVJBrt ^MCi iWi 1/ < , C ftK J: 0 ±g&5 7 Js 
2 2, 4 0 * > ? £ *©. RffiTSBSH 1 

9 , 3 2 ©-f *>lkft^MRWKUWr * C itf^Jttr* 

[0111]* *-£#WC'tt, B5iaTS«Js 19,3 

2 atiy* tt&±.mmsm 21, 3 4 1* 2 Jsy.±©i£fi 

Js^fiJs $ 4tc w.^ S ft-c *, i-c fc J; t, \ Ax^&msS©*! 

imrnoc oFe« ^^C'^ £ ft£ c £ jW* b t \> 40 

C ftK J: -? X * + ? 7jgfgtei£jR* «fc OS-iiS^^Ci 

[0112]* ^cpia^'-f' •;> ~7fa 20, 33 
figl^©f|ft©lKfiJstt. <nflft&H!l, ajfttbaffti 
t*H*C«J« £ ft'C <> Jftl . b51B^ + ? 7m 2 0, 33 

hC ttm*. b < , flAtmGAQiateHltN i F e£ 
$ ft £ £ £ * 1/ K CftKJ: 0 lisaffePM 
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Bte =f * ? 7g 20, 33 hm<om&jB<D 

ft* jWJKl»±T& C 4. 
[0113] ^^l5!a^©SSflB!iN i F e££rC®i8 
S ft *i&St±5t < , CoFea i&^^£ ftr fc 
^>'^Ja2 0, 3 3tC^-T^fliJ^li!SJ:»i 
4>f£*, ^$Hi^^^g B s £ ITS' & J: 5 Ka«ft* SftK 

[0114]* fcTtffiBM 19,3 2©I&IH£^^^ 
B s tt* I * C £ **T * Ui. ±3eSi 2 1. 3 4 <^ 
fiffl^»Bdt B s J: 0 4>f£ < f ^ C £ K J; ti , TS« 

* < t & £ , J: 0 SSB*M>fi ^DSiAag t S < 

[0 115] 0&ir*#feBJiKfeW^^3*M^©?iJi 
iSS^? K©Slifffl@-C-A*o C<D^S©S-CttMR^ 
? h"h 1#B 1 @5Ki?J:^KT*a 
1 6 KtJT^^ tw£ti:j:|>I^'t ■? 7"S 

iirmia) 4 i*s»«3lvct*4. ^^KliaBflH 1 * 
•^§4 1 ©±K«* >) 4 5 rafettb^X htttMKD 
Wil4 3^t/ -CTfflWK i^ftt£ 4c A J: ^ K « * - 
>ffM$nfe^-l'^Js4 4^s5W^ft'Ct^o &4<S, 15 
£3 ^^844 ttC u ( il > W £©S^61S©'I ^ t J # 

[0116] 2 6k, iisa=iVJi'Ji4 4i±#y -/ s k* 
fctt u i>x ^ nfottiHi 4 5 tc<g * ft, 15 

.^ftri,^. 

[0 117] H&cc^d^cc, B?ia±^^rS4 6© 

ftli»4 6att. EflWiftt^SWlBKfc^i:. T^K^ 

1 6©±Kmiiai&£i,*> 7"H4 1 */ri/C*tlfll 
(./. S2St+"f ^ T'SG ! l©i££v* > 7*^."!3t$ft'C 
fo 0 . 7S4 6 ©giffi^4 6 b ttQ 5 K^TJ: ^ 

tc. T^^rs i 6 £i^gii3«)cc^3fti:^l>. 
[0ii8] *«fltit. r^^rs i eaof/dsfcit 

±g|J^ T Js 4 6 tt, Co © WLX *s 8 W« tl±l? 4 
8 gS«IUTC A *) , F e ©M.^tfc Y ^ 5 0 

• . C r ©-^ A^ i, * tSR * ) ©^is£ht 2^2 WW*®* 
±'C 2 0 IWitlTt? A 0 . a«tfcX + Y + 2 = 1 0 0 
WZHttZmmmtctC o,Fe, crz^**C«J«* ft 

[0119] $fc*£C oC«Xi*2 3SS9*tLh 
f'3 2W«tlTl?*»J. F e©^is£htYii, 5 8SS 
« tl±t? 7 1 WTC A 0 , 7c^ «©^tt Z tt 2 

eswihr- 2 o wtttiTc* o . aaftx + y + 2 

= 1 0 0 MK& « a>fc* C £ iW* IA ». 
[012 0 ] PiaC o©^ttXi*2 

3. 3M*ak-C2 8. 3SS%WTr-A0. H«iaF 
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e©«JStfcY«. 6 3H9«tLt-C6 7. 5WKiWT 
13.6 Sfi^tlTr'* 0 . flOftX + Y + 2 = 1 0 0 

[ 0 1 2 1 ] % fc*afl-Ct*, C o (DflflUfcX . Fe© 
SStfcY, 4»J:WG3S<»©a/Sft2i* <X, Y. Z) = 
(2 6. 5W«i, 6 4. 8WMH. 8. 9fr£%) , 
(25. 5gS», 6 3g£«, 11. 5Wi) , 
(2 3- 6 7. 5SS«. 9- 2WZ%) © 

3 £-c@ * Bart i?* o , add* x + y + z = 1 o 10 

[0122] i«L'CMJtoC o F e <r££it 
2. 0TJU±©^MMIlEfgBsft¥5U SfcffSW* 
ffi«Jtr-i±2 - 1 5 TfcLh©m*fi$HK3iB£B s ftJ# 

ffi«thr-i±2 - 2 T J: 0 f>*3 t'SSHSSiBSB s ftj# 

[0123] ±SU^TJs4 eaof/*fci*T*=i7JB 1 
6#. 2. OTtLt0!>H(. 1 SffnSSSSgBs*^T&± 20 
Sl^cC o F e «£&iT'ffM$tt4C 41T\ 

[0124] * tcmEiC o F e ±gaS&fiftS£g 

TK T 4 C 4 * 4o £ H c ft* 3 < -C * 

4. JUtftKttMGffittftH c ft 1 5 8 0 { A/m) W 30 

TKT4C4#'C*4 0 

[ 0 1 2 5 ] * fcC o F e cr^#±5aasaBpir* 
44 . 15 (nfi-CDi) atfl>ttJS*S*»&t: ttf-C 

* 4 o * kmtjji 4 o o m p a nrict 4 c 4 &v * 
4„ 3&Ka*iiSiSHkKHu-ct*. ae^^ftssa 

tm£^r-K«KlWS34va'&N i F e£#4IUfs 
*©U*tti8ff H k ftJ#4 C 4*1?* 4c 
[0126] @6t±*2^tefeW&£4^ttg*D?t6 
iSSt^. ? FOKHffiBH "C* 4. 854 ©M^ it. ±* a 

r s 4 6 # 2 a©istiS'C'SJi $ n-c isaa $ n-c «, >4 c 40 

4'C&4 0 

[0127] it!2±^a7!S4 6 it. *l>ftfilE£!fc&& 
B s 4& B s Js 4 7 4 -eoxhK mm £ ttfcJJB 4 
8 4*C#.$£*va'4 0 

[0128] msS&B s§4 7 It, C oOfflfltttXtfS 
WiKKLt t>4 8 M*6fclTC* 0 . F e ©£§s£tt Y# 
5 0 gfi>fi tLh-C 9 0 eS5*KTr* *> , 7c^ or < fc K 
Outfit, Ni, C r ©-**£<. *£5K#) ©JHfljJit 
2 # 2 M*6fcl±l? 2 0 JUtftrTC* 0 , a*JtX + 
Y+ Z = 1 0 0 Jtt«<t*Wff ftWt-TC OxFe.o, 50 
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[0129] s&mac o©a«ttxt*2 3essitLt 

■C3£eS«yTr**i. F e^ttYit 5 8SE 
« tl±f 7 1 mWMSHTV* *3 , 7c^ «<Z>fflJ!ttfc Z it 2 
ISWit' 2 0 Mtt fclTC* ♦) . a«ttX + Y + 2 
= 1 0 0 SB%& 4$<££ afc"? C 4 jW* U ». 

[013 o ] sfc+iffl-ct*, mac o©^ttxit2 
3. 3sa%w±t:2 8- 3efi*6WTr-**i. H<rsaF 

e©a«attYl*. 6 3SSSitLhr-6 7. 5g£%«T 
■C&f), B?ga7C^O'©^l5£J;t2it 1 4- 2SS?*tLh-C 
13-6 WSitlTT* 0 . M.^fcX + Y + 2 = 1 0 0 

[0131]* fcTHMTCt*, C o © tmttX . F e © 

a«ttY, 4»j;WcS<(©a«tt2i* <x, y. Z) = 

(2 6- 5SSSi, 6 4. 6SS%. 8- 9g£%) , 
(25. 5Wi?i, eZWSH, 11. Sflffi), 
(2 3. 3g£%, 6 7. 5SS%. 9- 2SS%) © 

3 jg-CH a BHrt T-A 0 , M.^tt X + Y + Z = 1 0 

[ 0 1 3 2 ] C ntict 0 nsSBB e S4 7 OMHlffift* 
*B8ft*fr<4<>2. 0OtK-C*4o 5fes!f*0< 
t tne B $ ft 2 . 1 5 T tliK-f 4Ci#T«. ct: 0 If 
g L < itpgaB s ft 2 . 2 TtLhKT* C iri^C*, S 
fe»*l/<tt»KBs*2. 2TJ:D^S<T4Ci 
^•C^4o 

[0133] m&C o F e cr^-caS«*nfcS B sJa 

4 7 t*#Jb»aifiU«J!X£ ^4 C 4 -C . BS£« B s Js 4 
7 ©MfflWffllift ft * * < *C * , J: o 'ClB^fi^ flit $ 

"C* 4c JMWlKlt, ma«iB<!>**«Wrtl3 R a ft 

5 n asli!TK'C' t , mm%Wl H c * 1 5 8 0 < A/ 
m ) WT K"? 4 C 4 A4-C'# 4 C J^CoFeo; ^ft 
«ffll/fc«^K(«fciSW:t 15 (iiQ • cm) OkK-C 
* 4 „ a fcJi(£/5ft 4 0 0 M P a WTK V * 4, 
[0134] SBaJ:a5ar!i4 6 ftmfifcf 4±S4 8 

it. i£B $JS4 7 Ktfc^*CttflI18i«!fftB S3*"h3 < ft 
-j 'C c J 4 fc©© . psais B s la 4 7 J; 0 t>Jtte#i#iS < 
i5BaJdi4 8(*«At*N i 8 .F ez.^f 

[0135] it!2N ! F e &felt*aWKfcW*C o F 
e or *i 4iffiHg«£gB £ ^f£< ft 4 4>©©ltte 
taitJ^ < ft 4. C J: o 'C WJgBrST B sJs4 7 &ffiSLk 
■ 4 8 J: »J ^$Hi^^^ B s t * 1/ , + ? ^iS 

^fc K*ft *t« 3 i± -c . &m^mm%L m± * 1* 4 c 4 

n4£^itft< . C 0 F e «^ft4"C©.^$n'C4>J; 
s mA 7 omBAttdtB s J; *) t'hS < ft4d: 5 tea 

[0136] *fcma±»=»rji4 6Kfti6K©a^± 
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Ja 4 8 ASgW 6 ftfc C £ X . mWHWfilMt £ C £ 

[ 0 1 3 7 ] * &*Sfl-C(*@ 6 K*-T J: ^ K. SB$ 
14 7#, *> ?:7"JB4 1 i3Wlf-STH«KSJ«*n 
■CV£C SftpgBiSfB sJa4 7 k** > y 

■7"§4 I ±KSSg^ &±S3TJB4 6©^Sf4 6 a 

$ *ve ^ r <fc *, 

[0138]* fcTfca 7 V 1 6 *>. &B $ Ja£iSitt6 10 

Kg© 2 Ja tr-msES ft in, »*e 4> J; k 3*&^s&©*§ 

f 7g4 1 ft/rt^±*a7!l4 6 ittiW 

[0139] S fc@ 6 KS-r^tteS-Cit, ±S&57Ja 
4 6 * 2 ■<?>&!■&& £ & ^ T I . 3 ■ Rh*C4> -? 
tfccfcK ^3 ■ HB&g4 7ii. KSt* - 

[014 0 ] * fc*B s »4 7 4*aWKfc C o F 
e«^t«U ±Js4 8&N ! F e-^t'SSv* ? 20 

X*y$ fm-t & £ 3\ WsatM B s Ja 4 7 ©*ffi 
KttN • *>C rODJFIMHi3js«j«$ft*C^4fca(!). b51B 
HB s Ja 4 7 * >ffc2 ftTgWW^W**Sli!lK» 

[0141] m?\r&miz&vz%§nmm<Dmm 

^ ? h h 1 0>mf&\m 1 ilSjOTA-S. 07 K*TJ: ^ 
KT»a7JB 1 6<Z>±KTS»i*JB5 0*SEiWM*<t<!> 

ftm&p * n-c <r friaT^M^s & o v> 

f W h TWlflWr < 0^ Y*fl ) K iiSBSIJa 5 1 ##fl* * 30 
ft't^&. BiilaS6gS5 l©±ffiii. Dfl^WiitD, a 
-f ^.$^5 1 a:#fi^2*rC^&. 
[0142] RiaTtffigff!l5 0-h*6WE»»!15 1 
±te ;W r + ? v" Ja 5 £ 5 UX t ' 4. 5 6 it m 
sB^SIJa 5!©3-f ;MgtiS5 1 a ±Kt±* _ t ? -fm 5 
2 £ A- U X 2 AJa 5 3 £ ft'C «, B?i2 3 W >l 

JB 5 3±id^ftttittoiAiU 5 4 {<: d:^ trabft-c^ 

[ 0 1 4 3 ] H 7 CCS? <fc 5 (C_h^^ 7Ja 5 5 4*. B51B 
* + ? VJa 5 £ ±*> & 5 4 ±IC frtt Xffik k^v U 40 

[0144] Bia±*a 7H5 5 ©*««5 5 a t*B£ 
=F + 9 y'M 5 2 ±KT«S«IB 5 0 £ 0 n 
iiS±*=i7S5 5©iiSKB5 5btt, TS|i^7Ja 

Ja 1 6ccMaflK^;5ft£<. 
[0145] CC^ftSSKfe^rt*. ±*aril5 5 

a^/* fc !trs«ja 5 o it c o ©«mattx ^ & us 

Xfclil? 4 8 H««fellTC* *3 , F e (DfljOtt Y # 5 0 
W WSLhr 9 0 MXfclTC* 0 . a ( fctt 1/7C 50 
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2 g£%W±C- £ 0 MKWTT* 0 . flflUtX + Y + 

[0146] SfcHEC o<oa«ftX(*2 3g£%«± 
■C3£eS«tlTr-**i. Pe^IfShtYii:^ 5 8SS 

%u±.x 7 1 wtc* o , ytrn ccoaatt z it 2 

ISWif £ 0 HS% WTT A *i . a«ttX + Y + Z 
= 1 0 0 &E3ft£ afc-S- C £ jW* U \ 

[0147] $i-c-&mix'iz, mac o^i.^ttxii2 

3. 3gfi*6W±r-2S. 3SS%WTt?A*i. HygBF 
e©actttYfci. 6 3SSSitLhr-6 7. 
t?*D, pgaTC^fl^fisfehtZii, 4. 2SS?*tLh-C 
13.6 MS^UTr' A 0 . fldtttX + ¥ + 2=100 

[0148]* fc+lffl-Ct*, C o © WLX . Fe© 
SStfcY, 4»J:WcS<(©a«tt2l* (X, Y. Z) = 
(£6- 5SSSi, 6 4. 6SS%. 8- 9S£%) , 

5Wi?i, eZWSH, 11. Sflffi), 
(£3- 3g£%, 6 7. 9- 2S£%) <^> 

3 £*CH 5 S5@rt f'A 0 , SjAU: X + Y + Z = I 0 

[ 0 i 4 9 ] H 7 tr-iiTE WJa 5 0;iTOSn. fisa 

T»@Sfl 5 0 drrfca 7H ! 6 J: 0 ^*^ttfn@3fitt 
JKB s ^h«13C o F e «^fe*CJKrt*n4 1, ^ 
t ? ^igeKES***3 ^ C £#-CS SSSg<Pfl 

[ 0 I 5 0 ] *fc±*a7l5 5 it. *<Z>±#*S|fflC 

oFea ^'C^ $ tlx *, *X i> J; (, E 6 L PMiK 
Bffi±« 37I55#2 HOtOWBtt mv>ft®mi£X A 
0 . <Mt ? ^TB 5 2 £ Wrt* ^J*^ B $ S £ 0 TT 

b?s2C o f e «^Jir'ffM$nrt,^c4>j;t,\ s&*> 

^-5 B?i2±^ ^ 7S 5 5 <r>3feWSP 5 5 a <Dfr& 2 
■tl±<M8ttll«iD«JB1iJB*C«j«$ft. UE=» r + p^Ja 
5 £ ±Kft l/TSBs JB^K^t * nx ^4 C £ *i . ^ t 

? ~f&mcw& *** $ * . sttttei! *«± * # 

[0151] 5cii*Sffi-C(*, H l«C<,»l/H7KsW# 
S^jfMtCfo^'CC o F e cr^Wfc*^ ? 
t^C £#*?* U^o ^BJiTitBiilaC o F e <r 

[0152]* "cfigaC o F e v *fcf&?& 

C £ X& S<[«g-ce.*C * , X .* f ? » -ce.«T ^ J: *J 

[0153] *fcfi*ft»»Kfe^*C. $m 1 6©Ja 
i±. T^E3 7*g£±^>-4- rja^fflla £ & ^-c^* 

mstrm-z 7ia £ _b@iii — >i rmtmt * ic i&& * 

n'C^iffcJ:!.'. *>A^t8^ B?gBT£M7Ja£±^v 
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[0154] :&iZM 1 tt^bm7 K^twjgsesv-s ■? r 

[0 15 5] SI £tf@ 2 tZrttmSmSi,^ ? Kt*, T 
Sito 7Js 1 6 ±i<:G d fc*>B 1 7 ft#*Ufc». 

i-fts^rs^^i^raffla^w r^fer^M 

SB 1 9 , Mmi<D* *??&2 0 ^1111112 1 
*kft.s£ftlg&tt 1 8 ftit$> ? *K J: * 

u&i& ^i^CMP^^^r^sasi 8o± 

BiilaSfegS 2 3 <C'±K ^ 2 4 ft t!,K£u:; ^ - > 

e« u , n sa ^ w jui £ 4 ©±k mm 2 & tea 

* ft . ftU TS 1 8 ±* feifttM 2 5 ±K*> W 

■CiS^TJBS Sftflhtfc?? U~A> 5>+ftK:«fc»)e.?a 

[0156] B3SiWa4K5S , *'IWIK5S^ ? Ktt, T 
Site 7Js 1 6 ±K£gJS 3 1 ft^jS U U y * I- ft 

£ 4> icmii l??i> ♦S^gSjft 3 l a {<: H 3 k^I* fi£4ffi 20 

3 1c, 3 1 cfte.^fto 

[0157] ^ ? ? ?i)iw§3 i arttc. r«i 

SB 3 2 , * ? 3 3 * smw £. SS*" 

t ? ^B 3 3 ±^5tttW 3 1 ±KG dftftfl 3 7 ft* 
Jtt 0 fc», B?i2 =F * ? 7'S 3 3 ±CC±tf|g&fl 3 4 ft -rf 
? * RnW A. S k pga^&B 3 1 ±K n ^ JLB 3 8 ft 

MKttu ■> * * - urn ma=i -onb 3 8 ±cc*& 

mm 3 9 ft*s£T ft 0 ft U tflttLbtfiSSfl 3 4 ±* 5 
»B3 9±K »WC±»3TJ14 0 ftflxtf ? b-A 

p^&KITffMf ft 0 30 
[0 1 5 8 ] B5, BeK^MWSS^? Ktt. 

ts&^tb i 6±k*> ?^i4i ftss.su, ^ *>izm 

t» 4 3 ft «* U fc». RianiM 4 3 ©±K 3 ^ JUJB 

4 4 £ ,> t - > jgfljfi' ft, 2^14 4 ±K fftltfl 

4 & ft^iSUfegt +>?^14! *>6Bi£*SB4 5 
lKMTijprB4 6 ft "7 U~A> ft&t<:<fcti 

[0159] @ 7 KS-fS£S£St^ ? Kit, l1"Ta!2 

tb i e ±k b ^ ftflu, »-ct«s«b 5 o traia 
ja& i ft©.*T ft„ pgaTE«ja& o tmummmz 

l ©±ffll*CM Pfcffitcfc ->i:-fi¥fflffcSftfc«, Ws 
ft SBStr £K w£T3®SB 5 0 ±* ?e> j§?sa$fe$B 

5 1 ±CC * * •>> -/B 5 2 ft ©flS U fc» . psa*' + ? via 
5 2 ±CC ^ ^ A>« 5 3 fttf«]^tttc M » - U . $ 5 
(Cif IB a ^ JUB 5 3 ±tcS6^Ja 5 4ft BaW 4. ft U 
X . Hffi^ t •>> ^TB 5 2 ±* 5«iHI & 4 ±(ifrtf T± 
^7Js5 5ftPJ«.it'7L'-A^ ^^stCiO'^-^ 
W1"4, 50 
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[016 0 ] SK*ftfflK*»W4, C o^l.SttX^8 
es%fc',lf4 8 WS.%UTV * O . F e ^Is£ht Y# 
5 0 gS*6felh-C 9 0 eSHWT-CA 0 , tc^ <x < fe K 
U5£JR«it, Ni, C ft(,4^X*) ©a^lt 

z # 2 es« ti±r 2 o ms&i&Tz a o , a«ttx + 

Y+ Z = 1 0 OSS* w*G5fiiftS&TC o*F e, a, 

^^fiS^^^^CWT^IsB^fto 
[0161] *^-Ct±. ffi&C o F e flr^ft-v't-^ 

[0162] '^X^?Mffl^fc^v> ^jS'Ci*, ^ 
At^SsttK^^O N / 0 F F ft g£ U , ^' ? 

mc «$kftgk-n#n ^ . «skft%^{c^^^Kimft 

ISti ft. C 5 cc^jlft it $ w t, ^er^ftss W ^Ci 

f. CoFeaSigft ri-U^> ?+©.«U. ftU 
r> 5>+i&K,6«!>ftF e^t>©j«g^l/Cfe, ^ 
*®J:^(i:g3SstftS(.»fcS^Ktt^ ? 
fot* -S§?iS!!f«©^Tii<!>S 0 ftSf ft C i^nie&K w 

^'C^^fto 

[0163] ^^i^XSSitii, mtSSH*^^ ^JL-r 
ON/OF FtWEU. f^-r-fttftO. 1-0. 5 
SftK-?&C43>S»*U». ^^X«8lw>ftm*. Co 
F e cr^t^SSaSt&SacXgfflCM^i^ffl* R 
aKH3ift#**o 

[0164] ±!3©J: ^K^jL-x^it^^ft^^ + 

iff f PTft C i * ft^*> . iltilSiiK J: ft^tv> + 
SKJt^tTC o F e a^iK^SM F e£W£fti££ 
J; 0 fe^^C 4*SpjtfeKaft. 
[0165] *»B-Ctt. IS^J^iil(£j:itt[y 
? *2fcK J: »J . S6*<iMiaEfl»ftJH,»fcflKll->{ •>> 
Ifc-^'C, ^tt©gSScr>Sli^JtL/. CoFea^i 
©C 0©«tXft8g£W,±f4 8 W«tlTK« 
ilK BBSt? * . F e <^^is£ht Y ft 5 0 ffBtt 4U±-C 9 0 
SSS*KTK«SKaST * , cr fljastfc Z ft 2 e 
a»ot t? 2 0 !ia« JWTK* I tigslgf ft C 4 tmfi 
f'Afto 

[0166] S ^ ? *jSa«fttlT<f>J: 

^ {<: R*f 4Cif, Bffi C o ^^isShtX ft 2 3 ms^ 
y,±'C3 2WKiWT. F e^l^ttYft, 5 

fcLh*c 7 i esw,T, Ttm a v>m&ft 2 ft 2 

±'C 2 0 KWitlTK "C* . TT«a3 ft fc 

CoFe ffl^#-C-ii, MPSS^SB s ft 2 . 1 5 Tfcl 
±i<: -C * , U*- 4>^fflcr>4 3 'C=^¥fcjia 3 R a ft 5 n mli 1 . 
TiC'C*, ^MCCigfl^fPiSwS'tftWU, U*-<>«j 
*ttK«ft AiftlSttNft Hfif 4 C 4 *f * 4. 
[0 1 6 7] ♦SH-CI*. Fe^*^/Co^> 
««©tt*fti. 5tLhKU, F e 4 *>ML/ <x 4 * 
> ia&Olt* ft 2 fiLht?4 tlTK"? ft o f!ti£<9*W!tt:ft 
ti^TJ: ^ tc. ±iaiL*-CAft iCoFe <xi*M>? e 
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£§s£tt;& 5 8 HMKfclLtC 7 1 MSifclT K . Co 
fflStt* , 2 3 gS«feLh-C 3 2 gSW,TKt # & 0 
[0168] ±£^^*>^©tt**^JWl.& 
* ? #SffflatC*& i, Fefi*5 0 I^S^ «:TB41i 
£#**J, 2. 0TfeLh©Sffi«6SSgBs*S6n& 

£ * ft < ft h« $?>ic gmo&km^m r a it 
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(54) SOFT MAGNETIC FILM, METHOD OF MANUFACTURING THE SAME THIN FILM 
MAGNETIC HEAD USING THE SAME. AND METHOD OF MANUFACTURING THE THIN FILM 
MAGNETIC HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic 
film which has a saturation magnetic flux density Bs 
higher than that Bs of an NiFe alloy film by properly 
ac[justing the compositional ratio of a CoFea alloy film 
being used for the soft magnetic film and moreover 
which is excellent also in an erosion resistance, and to 
provide a thin film magnetic head using this soft 
magnetic film, a method of manufacturing the soft 
magnetic film, and a method of manufacturing the thin 
film magnetic head. 

SOLUTION: A lower magnetic pole layer 19 and/or an 
upper magnetic pole layer 21 are/is formed of a CoXFeY 
aZ alloy film to satisfy the relation between the 
compositional ratio X of Co = higher than 8 mass % to 
lower than 48 mass %, the compositional ratio Y of Fe = 
higher than 50 mass % to lower than 90 mass % and the 
compositional ratio Z of an element a (Provided that the 
element a is one side or both of Ni and Cr) = higher than 
2 mass % to lower than 20 mass % and the compositional 

ratios X+Y+Z=100 mass %. Hereby, the saturation magnetic flux density of the alloy film can be 
set in a density of 2.0 T or higher and a thin film magnetic head excellent in an increase in a 
recording density can be manufactured using this alloy film. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] presentation ratio X+Y+Z=100 mass % An empirical formula is shown by CoXFeYalphaZ 
(Element alpha is one side or the both sides of nickel and Cr) t the presentation ratio X of Co is 
below 48 mass % above 8 mass %, the presentation ratio Z of Element alpha is [ the presentation 
ratio Y of Fe is below 90 mass % above 50 mass %, ] below 20 mass % above 2 mass %, and it is 
the soft magnetism film characterized by filling unrelated relation. 

[Claim 2] presentation ratio X+Y+Z=100 mass % It is 32 or less mass above 23 mass %, and the 
presentation ratio Y of Fe is below 71 mass % above 58 mass %, the presentation ratio Z of said 
element alpha is below 20 mass % above 2 mass %, and said presentation ratio X of Co is soft 
magnetism film according to claim 1 which fills unrelated relation. 

[Claim 3] presentation ratio X+Y+Z=1 00 mass % It is below 28.3 mass % above 23.3 mass %, and 
said presentation ratio Y of Fe is below 67.5 mass % above 63 mass %, the presentation ratio Z of 
said element alpha is below 13.6 mass % above 4.2 mass %, and said presentation ratio X of Co is 
soft magnetism film according to claim 1 which fills unrelated relation. 

[Claim 4] presentation ratio X+Y+Z=100 mass % The presentation ratio Z of the presentation 
ratio Y of the presentation ratios X and Fe of Co and Element alpha is within the limits 
surrounded by three points, 25.5 = (X, Y, Z) (26.5 mass %, 64.6 mass %, 8.9 mass %), (mass %. 63 
mass %, 1 1 .5 mass %), and (23.3 mass %, 67.5 mass %, 9.2 mass %), and is soft magnetism film 
according to claim 1 which fills unrelated relation. 

[Claim 5] The saturation magnetic flux density of said soft magnetism film is soft magnetism film 
according to claim 1 to 4 which is more than 2.0T. 

[Claim 6] The saturation magnetic flux density of said soft magnetism film is soft magnetism film 
according to claim 2 to 4 which is more than 2.15T. 

[Claim 7] Said saturation magnetic flux density is soft magnetism film according to claim 3 or 4 
which is 2.2 or more. 

[Claim 8] Center line average-of^roughness-height Ra of said soft magnetism film is soft 
magnetism film according to claim 1 to 7 which is 5nm or less. 

[Claim 9] Soft magnetism film according to claim 1 to 8 with which the passive state film is 
formed in the front face of said soft magnetism film. 

[Claim 10] Soft magnetism film according to claim 1 to 9 with which plating formation of the NiFe 
alloy film is carried out in piles on said soft magnetism film. 

[Claim 1 1] Said soft magnetism film is soft magnetism film according to claim 1 to 10 by which 
plating formation is carried out. 

[Claim 12] It is the thin film magnetic head characterized by being formed with the soft 
magnetism film with which one [ at least ] core layer was indicated by claim 1 thru/or either of 
1 1 in the thin film magnetic head which has the lower core layer made from a magnetic material, 
the up core layer formed through the magnetic gap on said lower core layer, and the coil layer 
which gives a record field to both core layers. 

[Claim 13] The thin film magnetic head according to claim 12 in which the bosselation of the 
lower magnetic pole layer is carried out by the opposed face with a record medium on said lower 
core layer, and said lower magnetic pole layer is formed with said soft magnetism film. 
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[Claim 14] It is located between a lower core layer and an up core layer, and said lower core 
layer and up core layer, and has the magnetic pole section by which the width method of the 
truck cross direction was regulated shorter than said lower core layer and an up core layer. The 
lower magnetic pole layer in which said magnetic pole section follows a lower core layer, the up 
magnetic pole layer which follows an up core layer, It consists of said lower magnetic pole layer 
and a gap layer located between said up magnetic pole layers. And or said magnetic pole section 
It consists of gap layers located between the up magnetic pole layer which follows an up core 
layer, and said up magnetic pole layer and lower core layer. Said up magnetic pole layer and/or a 
lower magnetic pole layer The thin film magnetic head characterized by being formed with the 
soft magnetism film indicated by claim 1 thru/or either of 1 1. 

[Claim 15] The up core layer which said up magnetic pole layer is formed by said soft magnetism 
film, and is formed on said up magnetic pole layer is the thin film magnetic head according to 
claim 14 by which plating formation is carried out by the NiFe alloy film. 

[Claim 1 6] For said core layer, the magnetic layer which the part which adjoins a magnetic gap at 
least consists of the magnetic layer more than two-layer, or said magnetic pole layer consists of 
the magnetic layer more than two-layer, and touches said magnetic gap among said magnetic 
layers is the thin film magnetic head according to claim 1 2 to 15 currently formed with said soft 
magnetism film. 

[Claim 17] Other magnetic layers except touching said magnetic gap layer are the thin film 
magnetic head according to claim 16 by which plating formation is carried out with a NiFe alloy. 
[Claim 18] By the electroplating method using pulse current, the presentation ratio X of Co is 
below 48 mass % above 8 mass %. the presentation ratio Y of Fe — more than 50 mass % — 
below 90 mass % — it is — Element alpha (Element alpha — nickel — ) The manufacture 
approach of the soft magnetism film characterized by the presentation ratio Z of one side of Cr 
or both sides carrying out plating formation of the CoXFeYalphaZ alloy film which presentation 
ratio X+Y+Z=100 mass % Comes [ % / below / 20 mass ] to be. and with which relation is filled 
above 2 mass %. 

[Claim 19] Make Fe ion concentration / Co ion concentration under plating bath or more into 1.5, 
and Fe ion concentration / alpha ion concentration is made or less into four by two or more. 
Said presentation ratio X of Co is below 32 mass % above 23 mass %, and the presentation ratio 
Y of Fe is below 71 mass % above 58 mass %. The manufacture approach of the soft magnetism 
film according to claim 1 8 that the presentation ratio Z of Element alpha carries out plating 
formation of the CoXFeYalphaZ alloy film which presentation ratio X+Y+Z=100 mass % Comes 
[ % / below / 20 mass ] to be and with which relation is filled above 2 mass %. 
[Claim 20] Make Fe ion concentration / Co ion concentration under plating bath or more into 1.5, 
and Fe ion concentration / alpha ion concentration is made or less into 3.4 by two or more. The 
presentation ratio X of Co is below 28.3 mass % above 23.3 mass %. Said presentation ratio Y of 
Fe presentation ratio X+Y+Z=100 mass % It is below 67.5 mass % above 63 mass %, the 
presentation ratio Z of said element alpha is below 13.6 mass % above 4.2 mass %, and it is the 
manufacture approach of the soft magnetism film according to claim 18 which carries out plating 
formation of the CoXFeYalphaZ alloy film which fills unrelated relation. 

[Claim 21] Make Fe ion concentration / Co ion concentration under plating bath or more into 1.7, 
and Fe ion concentration / alpha ion concentration is made or less into 3.4 by two or more, the 
presentation ratio Z of the presentation ratio Y of the presentation ratios X and Fe of Co, and 
Element alpha (X — ) Y and Z= (26.5 mass %, 64.6 mass %, 8.9 mass %) (25.5 mass % — ), The 
manufacture approach of the soft magnetism film according to claim 1 8 which carries out plating 
formation of the CoXFeYNiZ alloy film which presentation ratio X+Y+Z=100 mass % Comes to be 
within the limits surrounded by three points, 23.3 63 mass %, 1 1.5 mass %, and (mass %, 67.5 mass 
%, 9.2 mass %), and which fills relation. 

[Claim 22] The manufacture approach of the soft magnetism film according to claim 18 or 21 
which mixes saccharin sodium during a plating bath. 

[Claim 23] The manufacture approach of the soft magnetism film according to claim 1 8 to 22 
which mixes 2-butine -1 and 4 diol during said plating bath. 

[Claim 24] The manufacture approach of the soft magnetism film according to claim 18 to 23 
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which mixes a 2-ethylhexyl sodium sulfate during said plating bath. 

[Claim 25] The manufacture approach of the thin film magnetic head characterized by carrying 
out plating formation of one [ at least ] core layer in the manufacture approach of the thin film 
magnetic head of having said lower core layer, the up core layer which counters through a 
magnetic gap, and the coil layer which guides a record field to both core layers, by the soft 
magnetism film by the manufacture approach indicated by claim 18 thru/or either of 24 at the 
lower core layer made from a magnetic material, and an opposed face with a record medium. 
[Claim 26] The manufacture approach of the thin film magnetic head according to claim 25 which 
carries out the bosselation of the lower magnetic pole layer by the opposed face with a record 
medium on said lower core layer, and carries out plating formation of said lower magnetic pole 
layer by said soft magnetism film. 

[Claim 27] It is located between a lower core layer and an up core layer, and said lower core 
layer and up core layer, and has the magnetic pole section by which the width method of the 
truck cross direction was regulated shorter than said lower core layer and an up core layer. The 
lower magnetic pole layer which follows a lower core layer in said magnetic pole section, the up 
magnetic pole layer which follows an up core layer, And it forms in said lower magnetic pole layer 
and the gap layer located between said up magnetic pole layers. Or said magnetic pole section is 
formed in the gap layer located between the up magnetic pole layer which follows an up core 
layer, and said up magnetic pole layer and lower core layer. The manufacture approach of the 
thin film magnetic head characterized by carrying out plating formation of said up magnetic pole 
layer and/or the lower magnetic pole layer by the soft magnetism film by the manufacture 
approach indicated by claim 18 thru/or either of 24 at this time. 

[Claim 28] The manufacture approach of the thin film magnetic head according to claim 27 which 
carries out plating formation of said up magnetic pole layer by said soft magnetism film, and 
carries out plating formation of the up core layer by the NiFe alloy film by the electroplating 
method on said up magnetic pole layer. 

[Claim 29] The manufacture approach of the thin film magnetic head according to claim 25 to 28 
which carries out plating formation of the magnetic layer which forms said core layer by the 
magnetic layer more than two-layer in the part which ac(joins a magnetic gap at least, or forms 
said magnetic pole layer by the magnetic layer more than two-layer, and touches said magnetic 
gap among said magnetic layers at this time with said soft magnetism film. 

[Claim 30] The manufacture approach of the thin film magnetic head according to claim 29 which 
carries out plating formation of other magnetic layers except touching said magnetic gap layer 
with a NiFe alloy by the electroplating method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] While this invention can make larger than Bs of a NiFe alloy saturation 
magnetic flux density Bs of the CoFealpha (Element alpha is nickel) alloy used as core material 
of the thin film magnetic head, it relates to the manufacture approach of the thin film magnetic 
head using the soft magnetism film excellent in corrosion resistance, and this soft magnetism 
film, and said soft magnetism film, and the manufacture approach of said thin film magnetic head. 

[0002] 

[Description of the Prior Art] For example, it is necessary to use the magnetic material which 
has the high saturation magnetic flux density Bs with a raise in future recording density 
especially for the core layer of the thin film magnetic head, to centralize magnetic flux near the 
gap of said core layer, and to raise recording density. 

[0003] The NiFe alloy is often used for said magnetic material from the former. Plating formation 
is carried out by the electroplating method which used a direct current, and said NiFe alloy can 
obtain the about [ 1.8T ] saturation magnetic flux density Bs. 
[0004] 

[Problem(s) to be Solved by the Invention] In order to raise further the saturation magnetic flux 
density Bs of said NiFe alloy, it replaces with the electroplating method using a direct current, 
and the electroplating method by pulse current is used. 

[0005] Although this was enabled to raise Bs of said NiFe alloy, saturation magnetic flux density 
Bs was not able to be carried out more than 2.0T. And ****** of a film surface became severe 
and there was a problem that it was eaten away by various solvents with which said NiFe alloy is 
used in the process in which the thin film magnetic head is manufactured 

[0006] Thus, with a NiFe alloy, while it had the high saturation magnetic flux density Bs, the soft 
magnetism film excellent in corrosion resistance was not able to be formed. 
[0007] Moreover, there is CoFe alloy film as soft magnetic materials often in addition to a NiFe 
alloy used Said CoFe alloy film was adjusting the presentation ratio of Fe proper, and while the 
saturation magnetic flux density Bs higher than the NiFe alloy film was obtained, the following 
troubles generated it. 

[0008] Although a NiFe alloy may be piled up on said CoFe alloy depending on the configuration 
of the thin film magnetic head or other magnetic cells, when carrying out plating formation of the 
NiFe alloy film by the electroplating method on said CoFe alloy film, the CoFe alloy film ionized 
and the problem of having melted [ begin ] and corroding occurred. 

[0009] This is because the big potential difference (normal electrode potential difference) occurs 
between said CoFe alloy film and the NiFe alloy film, and is considered that the so-called cell 
effectiveness arises according to this potential difference, and it begun to melt. Therefore, when 
plating formation of the soft magnetism film and NiFe alloy film which have high saturation 
magnetic flux density especially was carried out in piles, a CoFe alloy was not able to be used for 
said soft magnetism film. 

[0010] Moreover, it is one of the soft magnetism film with which the CoFeNi film is also often 
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used in addition to the NiFe alloy film or the CoFe alloy film. For example, four CoFeNi alloy film 
and soft magnetic characteristics from which a presentation ratio differs in Table 2 are indicated 
by JP,10-199726,A. 

[0011] However, in the presentation ratio of the CoFeNi alloy film in this official report, all, 
saturation magnetic flux density Bs is less than 2.0T, and cannot obtain the big saturation 
magnetic flux density Bs effectively compared with the NiFe alloy film. 

[0012] Then, this invention aims at offering the manufacture approach of the thin film magnetic 
head using the soft magnetism film which it was and was rationalizing the presentation ratio of a 
CoFealpha alloy, was more expensive than Bs of a NiFe alloy and was moreover excellent also in 
corrosion resistance in saturation magnetic flux density Bs and this soft magnetism film for 
solving the above-mentioned conventional technical problem, and said soft magnetism film, and 
the manufacture approach of the thin film magnetic head. 

[0013] Moreover, this invention can prevent that said CoFealpha alloy begins to melt into a 
CoFealpha alloy even if it carries out plating formation of the NiFe alloy in piles, and aims at 
offering the manufacture approach of the thin film magnetic head using the soft magnetism film 
which can maintain the high saturation magnetic flux density Bs, and this soft magnetism film, 
and said soft magnetism film, and the manufacture approach of the thin film magnetic head. 
[0014] 

[Means for Solving the Problem] As for the soft magnetism film in this invention, an empirical 
formula is shown by CoXFeYalphaZ (Element alpha is one side or the both sides of nickel and 
Cr). The presentation ratio X of Co It is below 48 mass % above 8 mass %, and the presentation 
ratio Y of Fe is below 90 mass % above 50 mass %, and the presentation ratio Z of Element alpha 
is below 20 mass % above 2 mass %, and it is characterized by filling unrelated relation 
presentation ratio X+Y+Z=100 mass 5. 

[001 5] Saturation magnetic flux density Bs can be carried out to it being the CoFealpha alloy 
which has this presentation more than 2.0T. Thus, in this invention, the saturation magnetic flux 
density Bs higher than a NiFe alloy can be obtained. 

[001 6] And big and rough-ization of the diameter of crystal grain is controlled, a crystal is 
formed precisely, and ****** of a film surface can be made small. Therefore, in this invention, 
while the high saturation magnetic flux density Bs beyond 2.0T can be obtained, the soft 
magnetism film excellent in corrosion resistance can be manufactured. 

[001 7] Moreover, it is desirable that said presentation ratio X of Co is below 32 mass % above 23 
mass %, the presentation ratio Y of Fe is below 71 mass % above 58 mass %, and the presentation 
ratio Z of Element alpha fills with this invention the relation it presentation ratio X+Y+Z=100 
mass % Comes [ % / below / 20 mass ] to be [ relation ] above 2 mass %. 

[0018] Saturation magnetic flux density Bs can be carried out to it being this presentation within 
the limits more than 2.1 5T. And center line average-of-roughness-height Ra of a film surface 
can be set to 5nm or less, and it is possible to raise corrosion resistance more effectively. 
[0019] Moreover, it is more desirable that said presentation ratio X of Co is below 28.3 mass % 
above 23.3 mass %, said presentation ratio Y of Fe is below 67.5 mass % above 63 mass %, and 
the presentation ratio Z of said element alpha fills with this invention the relation it presentation 
ratio X+Y+Z=100 mass % Comes [ % / below / 13.6 mass ] to be [ relation ] above 4.2 mass %. 
Thereby, saturation magnetic flux density Bs is made more than 2.2T. And center line average- 
of-roughness-height Ra of a film surface can be set to 5nm or less, and it is possible to raise 
corrosion resistance more effectively. 

[0020] Moreover, it is most desirable that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Co and Element alpha fills with this invention the relation 
which presentation ratio X+Y+Z=100 mass % Comes to be within the limits surrounded by three 
points, 25.5 = (X, Y, Z) (26.5 mass %, 64.6 mass %, 8.9 mass %), (mass %. 63 mass %, 1 1.5 mass %), 
and (23.3 mass %, 67.5 mass %, 9.2 mass %). Thereby, saturation magnetic flux density can be 
made larger than 2.2T. It is checked in the experiment which it mentions later that said 
especially saturation magnetic flux density is made to 2.25T at the maximum. And center line 
average-of-roughness-height Ra of a film surface can be set to 5nm or less, and it is possible to 
raise corrosion resistance more effectively. 
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[0021] Moreover, it is desirable that the passive state film is formed in the front face of said soft 
magnetism film in this invention. Said passive state film is a precise oxide film, and said passive 
state film is formed by nickel and Cr being contained in the soft magnetism film. 
[0022] Thus, even when the passive state film was formed in the front face of the soft 
magnetism film and plating formation of the NiFe alloy film is carried out in piles on said soft 
magnetism film, it is possible to prevent for said CoFealpha alloy to ionize and to begin to melt. 
[0023] Therefore, in this invention, even when plating formation of the NiFe alloy film is carried 
out on said CoFealpha alloy film, the high saturation magnetic flux density Bs and the corrosion 
resistance of said CoFealpha alloy can be maintained appropriately. 

[0024] Moreover, as for said soft magnetism film, in this invention, it is desirable that plating 
formation is carried out. It becomes possible forming by thick thickness rather than being able to 
form said soft magnetism film by the thickness of arbitration and being formed by the spatter of 
this. 

[0025] Moreover, in the thin film magnetic head in which this invention has the lower core layer 
made from a magnetic material, the up core layer formed through the magnetic gap on said lower 
core layer, and the coil layer which gives a record field to both core layers, one [ at least ] core 
layer is characterized by being formed with the soft magnetism film indicated above. 
[0026] Moreover, it is desirable that the bosselation of the lower magnetic pole layer is carried 
out by the opposed face with a record medium on said lower core layer, and said lower magnetic 
pole layer is formed with said soft magnetism film in this invention. 

[0027] Or this invention is located between a lower core layer and an up core layer, and said 
lower core layer and up core layer, and has the magnetic pole section by which the width method 
of the truck cross direction was regulated shorter than said lower core layer and an up core 
layer. The lower magnetic pole layer in which said magnetic pole section follows a lower core 
layer, the up magnetic pole layer which follows an up core layer, It consists of said lower 
magnetic pole layer and a gap layer located between said up magnetic pole layers. And or said 
magnetic pole section It consists of gap layers located between the up magnetic pole layer which 
follows an up core layer, and said up magnetic pole layer and lower core layer, and said up 
magnetic pole layer and/or a lower magnetic pole layer are characterized by being formed with 
the soft magnetism film indicated above. 

[0028] In addition, as for the up core layer which said up magnetic pole layer is formed by said 
soft magnetism film, and is formed on said up magnetic pole layer, it is desirable at this time that 
plating formation is carried out by the NiFe alloy film. 

[0029] Moreover, it is desirable that the magnetic layer which the part in which said core layer 
acjjoins a magnetic gap at least at this invention consists of the magnetic layer more than two- 
layer, or said magnetic pole layer consists of the magnetic layer more than two-layer, and 
touches said magnetic gap among said magnetic layers is formed with said soft magnetism film. 
[0030] Moreover, as for other magnetic layers except touching said magnetic gap layer, it is 
desirable that plating formation is carried out with a NiFe alloy. 

[0031] As described above, the CoFealpha alloy as soft magnetism film in this invention has 
saturation magnetic flux density Bs as high as more than 2.0T, and its ****** j s a | so small. It is 
possible to manufacture the thin film magnetic head which could attain centralization of the 
magnetic flux near the gap, and could be made to promote high recording density-ization, and 
was excellent in corrosion resistance to use such soft magnetism film as core material of the 
thin film magnetic head. 

[0032] The manufacture approach of the soft magnetism film in this invention by moreover, the 
electroplating method which used pulse current The presentation ratio X of Co is below 48 mass 
% above 8 mass %, and the presentation ratio Y of Fe is below 90 mass % above 50 mass %. 
presentation ratio X+Y+Z=100 mass % The presentation ratio Z of Element alpha (Element alpha 
is one side or the both sides of nickel and Cr) is below 20 mass % above 2 mass %, and it is 
characterized by carrying out plating formation of the CoXFeYalphaZ alloy film which fills 
unrelated relation. 

[0033] The amount of Fe(s) has big effect on saturation magnetic flux density Bs. Bs will become 
small if there are few amounts of Fe(s). The amount of Fe(s) is 30 mass % at the maximum, and 
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the CoFeNi alloy mentioned to Table 2 of JP,10-199726,A is considered that it is one of the 
causes by which saturation magnetic flux density Bs becomes smaller than 2.0T that there are 
few amounts of Fe(s) in this way. 

[0034] On the other hand, it was difficult like before to increase the amount of Fe(s) by the 
approach of carrying out plating formation by the electroplating method using a direct current, 
for example, the increase of the amount of Fe(s) or the CoFeNi alloy which there is a limitation 
also in this and has the saturation magnetic flux density Bs beyond 2.0T although it tried when 
met in the film were not able to be obtained by raising Fe ion concentration under plating bath. 
[0035] So, in this invention, plating formation of the CoFealpha alloy is carried out by the 
electroplating method which used pulse current By the electroplating method using pulse 
current, ON/OFF of a current controlling element is repeated, for example, and the time amount 
which passes a current at the time of plating formation, and the blank time amount which does 
not pass a current are established. Thus, it is possible to carry out plating formation little by 
little, to compare the CoFealpha alloy film with the electroplating method using a direct current 
by establishing the time amount which does not pass a current, and to ease the bias of 
distribution of the current density at the time of plating formation. According to the 
electroplating method by pulse current, actjustment of Fe content contained in the soft 
magnetism film compared with the electroplating method by the direct current becomes easy, 
and many said Fe contents in the film can be incorporated. 

[0036] According to this invention, the presentation ratio Y of Fe can be made below into 90 
mass % above 50 mass %. The below-mentioned experiment shows that saturation magnetic flux 
density Bs is made more than 2.0T by this. Although the remainder serves as Co and a 
presentation ratio of Element alpha, if Element alpha is put in too much, the below-mentioned 
experiment shows that saturation magnetic flux density Bs falls rather than 2.0T. In this 
invention, it became possible to carry out plating manufacture of the CoFealpha alloy which 
saturation magnetic flux density Bs is more than 2.0T, and was excellent also in corrosion 
resistance making the presentation ratio X of Co below into 48 mass % above 8 mass %, and 
making the presentation ratio Z of Element alpha below into 20 mass % above 2 mass %. 
[0037] Moreover, in this invention, Fe ion concentration / Co ion concentration under plating 
bath are made or more into 1 .5. Fe ion concentration / alpha ion concentration is made or less 
into four by two or more, and said presentation ratio X of Co is below 32 mass % above 23 mass 
%. The presentation ratio Y of Fe is below 71 mass % above 58 mass %, and it is desirable that 
the presentation ratio Z of Element alpha carries out plating formation of the CoXFeYalphaZ 
alloy film which presentation ratio X+Y+Z=100 mass % Comes [ % / below / 20 mass ] to be and 
with which relation is filled above 2 mass %. 

[0038] As shown in the experiment mentioned later, with the CoFealpha alloy formed by the 
above-mentioned ion concentration ratio, it becomes possible to carry out plating manufacture 
of the soft magnetism film as for which could do saturation magnetic flux density Bs more than 
2.1 5T r and the center line average of roughness height of a film surface was made to 5nm or less 
and which was effectively excellent in high saturation magnetic flux density Bs and corrosion 
resistance. 

[0039] Moreover, in this invention, Fe ion concentration / Co ion concentration under plating 
bath are made or more into 1.5. Fe ion concentration / alpha ion concentration is made or less 
into 3.4 by two or more, and the presentation ratio X of Co is below 28.3 mass % above 23.3 
mass %. Said presentation ratio Y of Fe It is below 67.5 mass % above 63 mass %, and, as for the 
presentation ratio Z of said element alpha, it is more desirable to carry out plating formation of 
the CoXFeYalphaZ alloy film which presentation ratio X+Y+Z=100 mass % Comes [ % / below / 
1 3.6 mass ] to be and which fills relation above 4.2 mass %. As shown in the experiment 
mentioned later, with the CoFealpha alloy formed by the above-mentioned ion concentration 
ratio, saturation magnetic flux density Bs is made more than 2.2T. 

[0040] Moreover, in this invention, Fe ion concentration / Co ion concentration under plating 
bath are made or more into 1.7. Fe ion concentration / alpha ion concentration is made or less 
into 3.4 by two or more. The presentation ratio X of Co the presentation ratio Y of Fe, and the 
presentation ratio of ****** alpha — Z= (X, Y, Z) (26.5 mass % — ) 64.6 mass % and 8.9 mass % 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2006/12/07 



JP f 2002-2 17029, A [DETAILED DESCRIPTION] 



5/26 ^— V 



(25.5 mass % and 63 mass % — ), It is most desirable to carry out plating formation of the 
CoXFeYalphaZ alloy film which presentation ratio X+Y+Z=100 mass % Comes to be within the 
limits surrounded by three points, 23.3 11.5 mass %, and (mass %, 67.5 mass %, 9.2 mass %), and 
which fills relation. As shown in the experiment mentioned later, with the CoFealpha alloy formed 
by the above-mentioned ion concentration ratio, saturation magnetic flux density Bs can be 
made larger than 2.2T. 

[0041] Moreover, it is desirable to mix saccharin sodium during the plating bath of a CoFealpha 
alloy in this invention. It is possible to reduce the membrane stress of a CoFealpha alloy by 
saccharin sodium (C6H4CONNaS02) having a role of a stress relaxation agent, therefore mixing 
said saccharin sodium. 

[0042] Moreover, it is desirable to mix 2-butine -1 and 4 diol during said plating bath in this 
invention. Big and rough-ization of the diameter of crystal grain of a CoFealpha alloy by which 
plating formation was carried out is controlled, it is hard coming to generate an opening between 
crystals because said diameter of crystal grain becomes small, and ****** of a film surface is 
controlled by this. It also becomes possible to make coercive force He small by the ability of 
****** to be controlled. 

[0043] Moreover, it Is desirable to mix a 2-ethylhexyl sodium sulfate during said plating bath in 
this invention. The hydrogen produced during a plating bath by this is removed by the 2- 
ethylhexyl sodium sulfate which is a surface active agent and can control ****** by said 
hydrogen adhering to the plating film. 

[0044] Moreover, although it may replace with said 2-ethylhexyl sodium sulfate and sodium fauryl 
sulfate may be used, it enables it for there to be little foaming when the direction which used the 
2-ethylhexyl sodium sulfate mixes during a plating bath, therefore to be able to mix many said 2- 
ethylhexyl sodium sulfates during a plating bath, and to remove said hydrogen more 
appropriately. 

[0045] Moreover, this invention is characterized by carrying out plating formation of one [ at 
least ] core layer by the soft magnetism film by the manufacture approach indicated above at 
the lower core layer made from a magnetic material, and an opposed face with a record medium 
in the manufacture approach of the thin film magnetic head of having said lower core layer, the 
up core layer which counters through a magnetic gap, and the coil layer which guides a record 
field to both core layers. 

[0046] Moreover, it is desirable to carry out the bosselation of the lower magnetic pole layer by 
the opposed face with a record medium on said lower core layer, and to carry out plating 
formation of said lower magnetic pole layer by said soft magnetism film in this invention. 
[0047] Moreover, this invention is located between a lower core layer and an up core layer, and 
said lower core layer and up core layer, and has the magnetic pole section by which the width 
method of the truck cross direction was regulated shorter than said lower core layer and an up 
core layer. The lower magnetic pole layer which follows a lower core layer in said magnetic pole 
section, the up magnetic pole layer which follows an up core layer, And it forms in said lower 
magnetic pole layer and the gap layer located between said up magnetic pole layers. Or said 
magnetic pole section is formed in the gap layer located between the up magnetic pole layer 
which follows an up core layer, and said up magnetic pole layer and lower core layer. It is 
characterized by carrying out plating formation of said up magnetic pole layer and/or the lower 
magnetic pole layer by the soft magnetism film by the manufacture approach indicated above at 
this time. 

[0048] Moreover, it is desirable to carry out plating formation of said up magnetic pole layer by 
said soft magnetism film, and to carry out plating formation of the up core layer by the NiFe alloy 
film by the electroplating method on said up magnetic pole layer this invention. 
[0049] Moreover, it is desirable to carry out plating formation of the magnetic layer which forms 
said core layer by the magnetic layer more than two-layer in the part which acjjoins a magnetic 
gap at least, or forms said magnetic pole layer by the magnetic layer more than two-layer, and 
touches said magnetic gap among said magnetic layers in this invention at this time with said 
soft magnetism film. 

[0050] Moreover, it is desirable to carry out plating formation of other magnetic layers except 
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touching said niagnetie gap layer with a NiFe alloy by the electroplating method this invention, 
[0051] As described above, by carrying out plating formation by the electroplating method using 
pulse current, the CoFe&lpha alloy as soft magnetism film in this invention The presentation ratio 
X of Go is below 43 mass % above 8 mass %, the presentatian ratio Y of Fe is below .90 mass % 
above SO mass %, and it Is Element alpha (however, Element alphaX The presentation ratio Z of 
one side of nickel and Gr or both sides is able to carry out plating formation of the 
DoXFaYalphaZ alloy which presentation ratio X*Y*Z— 100 mass % Gomes [ % / below / 20 mass ] 
to be and with which .relation is filled above 2 mass 

[0052] And it is possible to manufacture the thin film magnetic head which saturation magnetic 
flux density Bs could attain high recording density ^izati on higWy, ahd was axoallent also in 
corrosion resistance to use .suoh soft magnetism film as core material of the thin film magnetic 
head with the sufficient yleld> 
[0053] 

CEmbodiment of the Invention] It is drawing of longitudinal section which out the thin film 
magnetic head which shows drawing 1 in the partial front view of the thin film magnetic head of 
the 1st operation gestalt of this invention, and shows drawing 2 to drawing 1 from two to 2 !ine c 
and was seen from the arrow head, 

f-0O54j The thin film magnetic head in this invention is formed in trailing side edge side 11a of the 
slider 11 of the ceramic materia! which constitutes a surfacing type head, and is MR / inductive 
compound-die thin film magnetic head (only henceforth the thin film magnetic head) to which the 
laminating of MR head h i and the inductive head h2 for writing was carried out 
[00SS] MR head hi detects the leak field from record media, such as a hard disk, using a 
magneto-resistive effect, and reads a record signal. 

[0058-3 As shown m drawing | < the lower .shielding: layer 13 made from a magnetic materia! which 
consists of NiFe etc. through 20aluminum3 film 12 is formed on trailing side edge side ft a of 
said slider 1 1, and the lower gap iayer 14 made from an insulating materia! is further formed on it 

[0057] On said Sewer gap layer 14> the nMgneta -resistive effect components 10, such as an 
anisotropy magneto^resistive effect (AMR) component, a giant magneto-resistance (GMR) 
component or a tunnel moid magneto-resistive effect (TMR) component are formed towards the 
height direction (the direction of illustration Y) 1rom an opposed face with a record medium, and 
the up gap layer 1 8 made from an insulating material is 'further formed on said magneto-resistive 
affect component 10 and the lower gap layer 14, The up shielding layer IS furthermore formed 
with magnetic materia is, such as NiFe, on said up gap layer 15 is formed. MR head h 1 consists of 
cascade screens from said lower shielding layer 13 to the up shielding layer 18. 
[D058J Ne.xt> with the operation gestalt shown in drawing 1 and 2, said up shielding layer 18 is 
made to serve a double purpose also as a lower core layer of an inductive head h2, Gd 
arrangement layer 17 is formed on said lower core layer 16, and a gap depth (Gd) is regulated 
with the die-length dimension from an opposed face with a record medium to the paint of said 
Gd arrangement layer 17, Said Gd arrangement layer 17 is formed for example, by the organic 
insufatlng material. 

[0059] Moreover, top- face 18a of said lower core layer 18 is formed in the inclined plane which 
inclines in the direction of an inferior surface of tongue as are shown in drawing 1 and it is 
separated from the end face of the magnetic pole section 18 crosswise [ truck ] (the direction of 
illustration XX and it is possible for this to control generating of side fringing. 
[OQSOj Moreover, as shown in drawing 2 , it applies on said Gd arrangement layer 17 from m 
opposed face with a reoord medium, and the magnetic pole section 18 is formed, 
[0061 J As for said magnetic pole section 18, the laminating of the lower magnetic pole layer i% 
the nonmagnetic gap layer 20, and the up magnetic pole layer 21 is carried out from the:. bottom. 
10062] Direct plating formation of said lower magnetic pole layer 19 is carried out on the lower 
core layer 1 ti Moreover, as for the gap layer .20 formed on said tower magnetic pole layer 18, it is 
desirable to he formed with the non -magnetic metal ingredient in which plating formation is 
possible, Specifically, it is desirable to he chosen from one sort or two sorts or more in NiP, 
NiPd, KHW, NiMo> and Au, Ft Rh, Pti Ry and Gr, 
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)63] In addition, NIP Is used for said gap layer 20 as a concrete operation gestalt in this 
invention. It is because said gap layer 20 changes into a nonmagnetic condition appropriately by 
forming said gap layer 20 by NiR 

[0084] The up magnetic pole layer 21 furthermore formed on said gap layer 20 is magnetically 
connected with the up core layer 22 formed on It. 

[0005] If the gap layer 20 is formed as mentioned above with the non-magnetic metal ingredient 
in which plating formatfon is possible, it is possible to carry out continuation plating formation of 
the lower magnetic pole layer 19 9 the gap lay e r 20, and the up magnetic pole fayer 21, 
[0068] in addition, said magnetic pole section 18 may consist of twoHayer [ of the gap lay er 20 
and the up magnetic pole layer 21 % 

[0087] As shown in drawing I t the width method [ in / in said magnetic pole section 18 / the 
truck cross direction (the direction of illustration X) j is formed with the width of recording track 
Tw, 

[0088] As shown in drawing 1 and drawing 2 , the insulating layer 23 is formed the both sides and 
behind [ height direction j (the direction of illustration Y) said magnetic pole section 18, [ of the 
truck cross direction (the direction of illustration X) ] The top face of said insulating layer 23 Is 
made into the same flat surface as the top face of said magnetic pois section 18, 
[0089] As shown in drawing 2 ,- on said insulating layer 23, pattern formation of the coif layer 24 
is carried out spirally. Moreover said coil layer 24 top is covered with the snsulatmg iay*er • 28 
made from an organic insulation, 

[0070] As shown in drawing 2 , it applies on an insulating layer 25 from on the magnetic pole 
section 18, and pattern formation of the up core layer 22 is carried out for example, by frame 
plating. As shown in drawing 1 > a width method [ in / in point 22a of said up core layer 22 / the 
truck cross direction In. an opposed face with a record medium 3 is formed by Tl, and this width 
method Tl is formed more greatly than the width of recording track Tw, 

[0071 j Moreover, as shown in drawing 2 direct continuation of the end face section 22b of said 
up core layer 22 is carried out on the connection layer 28 made from the magnetic material 
formed on the lower core layer 18 (back gap layer). 

[0072] In this invention, said up magnetic pole layer 21 and/or the lower magnetic pole layer 19 
are formed by the soft magnetism film which has the following presentation ratios, 
[0073] An empirical formula is shown by CoXFeYaJphaZ (however, the element alpha one side or 
the both sides of nickel and Or), the presentation ratio X of Go is below 43 mass % above 8 mass 
%> the presentation ratio Y of Fe is below 90 mass % above 50 mass % t and the presentation ratio 
Z of Element alpha fills the relation which presentation ratio X-tY^Z™ 100 mass % Gomes 1% / 
below / 20 mass 3 to be above 2 mass %, 

[0074] Saturation magnetic flux density Bs can be made so large that there are many amounts of 
Fe{s), However, if the amount of fe(s) increases too much, while of a film surface will 

become severe by big and rough Hzation of the diameter of crystal grain and corrosion resistance 
will fall saturation magnetic fim density Bs will abo fall; 

[0075] By this invention, saturation magnetic flux density can he carried out more than 2.0T by 
making the amount of Fe(s) hebw into 90 mass % m mentioned above above 50 mass %. 
[0078] Although the remaining presentation ratios except the amount of Fe(s> turn into a 
presentation ratio of Go, and a presentation ratio of Element alpha, since the saturation 
magnetic flux density Bs higher than the permalloy which is adding Co and consists only of nickel 
and Fe is obtained optimum dose addition of the Go needs to be carried out On the other hand, 
if Element alpha is added since saturation magnetic flux density Bs will fall rather than the 
magnetic material which consists oniy of Oo and Fe, the amount of Element alpha needs to be 
added by extent to which saturation magnetic fim density Be does not become smaller than 
2.0T, When Element alpha was made [ more ] by experiment than 20 mass, it turned out that 
saturation magnetic flux density Bs becomes smaller than 2.0T. 

[O077j Based on the above-mentioned viewpoint, by this invention, the presentation ratio X of 
Go was made beiew into 48 mass 1 above 8 mass I, the presentation ratio V of Fe was made 
below into 90 mass % above 50 mass ■% and the presentation ratio Z of Eiement alpha was made 
below into 20 mass 1 above 2 mass ?i Thereby, saturation magnetic flux density Bs can be 
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earned out more than 2.GT. Moreover In this invention, it is stabilized and high saturation 
magnetic flux density can be obtained, 

[007 8] Moreover, of a. film surface can be lessened by a crystal being formed praeisely, 

corrosion resistance can fee raised, and coercive force Ho can be further made small It \s 
possible to speoifioaify make said coercive, force, below into 1580 (A/ro}> 

[GG78] Moreover, the specific resistance more than 15 (rouomega and am) can be obtained as a 
CoFeafpha alloy is above-mentioned presentation within the . limits* Moreover, membrane stress 
can be set to 400 or less MPas. Furthermore about an anisotropy field Hk f the anisotropy fieid 
Hk comparable as the NiFe alloy currently generally used as soft magnetic materials from the 
former can be obtained. 

[0080] Moreover, it is desirabie that said presentation ratio X of Co is below 32 mass % above 23 
mass %< the presentation ratio Y of Fe is be few 71 mass % above 58 mass and the presentation 
ratio Z of Element alpha fills with this invention the relation it presentation ratio X+Y*Z~1QQ 
mass I Comes [ % / below / 20 mass j. to be [ relation ] above 2 mass %, 
[DOS ! J Saturation magnetic flux density Bs can be raised further by this, and the saturation 
magnetic flux density Bs beyond 2.1 5T can specifically he obtained, Moreover, center line 
everage^of^roughn ess-height Ra of a film surface can he certainly set to Snm or less. Therefore, 
it is possible to man ufae tore the soft magnetism film. -which has the high saturation magnetic flux 
density Bs still more effectively, and was excellent in corrosion resistance. 
[0082] Moreover, It is more desirable that saiei presentation ratio X of Go is beiow 20:3 mass % 
above 23.3 mass %, said presentation ratio V of Fe is below 87.5 mass % above 83 mass %, and 
the presentation ratio 2 of said element alpha fills with this invention the relation it presentation 
ratio X*Y*Z~1QQ mass I Comes [ % / below / 13 j mass ] to be [ relation ] above 4,2 mass 
Thereby, saturation magnetic flux density is made more than 2.2X Moreover center line 
average -of^roughness^heigfit Ra of a film surface can be certainly set to Snro or less. 
[0083] Moreover, it is most desirabie that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Co and Ele merit alpha fills with this Invention the relation 
which presentation ratio X+Y'*Z~100 mass % Comes to be within the limits surrounded by throe 
points, 25.5 ~ (X f Y, 2} (28.5 mass %, MM mass :%, 8 M mass %)< (mass %, 83 mass %< 11.5 mass : .%X 
and (23.3 mass 67,5 mass %, 9.2 mass %), Thereby, saturation magnetic flux density can be 
made larger than 2.2T. Moreover, center fine average -of Toughn ess-height Ra of a fiim surface 
can he certainly set to 5nm or less. For exampie/if 24.6 mass % and the presentation ratio of 
Element alpha are made [ the presentation ratio of Fe j into 8,3 mass % tor 8 6,1 mass % ami the 
presentation ratio of Co, it is cheeked that saturation magnetic flux density Is made to 2 
[0084] In addition, it is desirahle to choose nickel as said element afpha. That is, it is desirable to 
form the up magnetic pole layer 21 and/or the lower magnetic pole layer 19 with a GoFeMi alloy. 
By feeing above-mentioned presentation within the limits., and forming said CoFeNi alloy, 
saturation magnetic flux density Bs is certainly made more than 2,QT, Moreover, it Is possible to 
make membrane stress small: especially by addition of nickel, 

[0085] As mentioned above, since it is possible for saturation magnetic flux density Bs to 
acquire more than 2MT and a high value as for the Oofealpha alloy described above in this 
invention, by using it for the up magnetic pole layer 2:1 and/or the lower magnetic pole layer 10 C 
magnetic flux is centralized near the gap of said magnetic pole layer, and it can raise recording 
density. Therefore; the thin film magnetic head which can respond to future high recording 
densityH^ation can be manufactured. And the GoFeaipha ailoy which is above-mentioned 
presentation within the limits, and was formed has little ■** S M*#* of a film surface, and fe excellent 
in corrosion resistance, and is the low coercive force He, 

IC5088J The partial front view showing the structure of the thin film magnetic Head of the 2nd 
operation gestait [ in / in drawing 3 / this invention ] and drawing 4 are drawings of longitudinal 
section vvHteh cut the thin film magnetic head from 4-4 iine shown in drawing 3 , and were seen 
from the arrow head. 

[00371 With this operation gestait the structure of MR head hi is the same as drawing 1 and 
drawing 2 , As shown in drawing 3 , the insulating layer 31 is formed on the lower core layer Mi 
Width-oFrecording-track formation slot 31a formed in the height direction (direction of 
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illy strat bn Y) back with the predetermined dieHength dimension from the apposed face with a 
record medium is formed m said insulating layer 3 L S^M'Width^f^r^c'prdingHtracsh formation slot 
31a Is formed with the width of recording traok Twin the opposed face with a record medium 
(refer to drawing 3 X 

[0088] The magnetic pole section 30 to which the laminating of the lower magnetic poie layer 32, 
the nonmagnetic gap layer 33 t and the up magnetic pole layer 34 was carried out from the 
bottom is formed in said width w of-recordin^track formation slot 31 a. 

[0089] Direct plating formation of said tower magnetic pole layer 32 is carried out en the Sower 
core layer 16* Moreover, as for the gap layer 33 formed on said lower magnetic pole layer 32> it is 
desirable to be formed with the non-roagnetio metal Ingredient in which plating formation is 
possible. Specifically/it m desirable to be chosen from one sort or two sorts or more in NIP, 
NiPd, NiW, UMo, and Au, Pt s Rh, Pd, Ru and On 

0080}. In addition, NiP is used for said gap layer 33 as a concrete operation gestait in this 
invention, It is because said gap layer 33 changes into a nonmagnetic condition appropriately by 
forming said gap layer 33- by NIP, 

[0081] In addition, said magnetic poie section 30 may consist of two-layer [ of the gap layer 33 
and the up magnetic poie layer 34 ]> 

[0092] On said gap layer 33, it applies on an insulating layer 31 from the location which 
separated only the gap depth (Gd) from the opposed face with a record medUim > and Gel 
arrangement layer 37 is formed, 

[0093] The up magnetic pole layer 34 furthermore formed on said gap layer 33 Is magnetically 
connected with the up core layer 40 formed on it 

[0094] If the gap layer 33 m formed as mentioned above with the non-magnetie metal ingredient 
in whioh plating formation is possible, it is possible to carry out continuation plating formation of 
the lower magnetic poie layer 32, the gap layer 33, and the up magnetic poie layer 34, 
[009 S] As shown in drawing 4 , on said insulating layer 31 > pattern formation of the coil layer 33 
is carried out spirally. Said coil layer 38 is covered with the Insulating layer 39 formed by the 
organic insulating materia! etc, 

10098] As shown in drawing 3 , the inclined planes 31c and 31c where a width method spreads 
gradually according to the direction which is missing from top~feoe 3 l b of said Insulating layer 31 
from the top face of said up magnetic pole layer 34, and separates from the lower core layer 10 
are formed in the both - sides end face in the truck cross direction (the direction of illustration X) 
of width-oPreoording-track regulation slot 31 a, 

[009?] And as shown in drawing 3 t point 40a of the up core layer 40 Is formed in the direction 
which applies on said inclined plane 31 o and 31 e from said up magnetic poie layer 34 top face, 
and separates from the lower core layer 18, 

[0098] As shown in drawing 4 ; it is formed on an insulating layer 30, up applying I said / 40 j it 
in the height direction (the direction of illustration Y) from an opposed face with a record 
medium, and end face section 40b of said up core layer 40 is directly formed on the lower core 
layer 1 8. 

[0099] With the 2nd operation gestalt shown in drawing 3 and drawing 4 , the lower magnetic pole 
layer 32 and/or the up magnetic pole layer 34 The presentation ratio X of Co Ss below 48 mass % 
above 8 mass %> the presentation ratio Y of Fe is below 90 mass % above SO mass "% t and it is 
Element alpha (however; Element alpha). The presentation ratio 2 of one side of nickel and Or or 
both sides is formed by CoXFeYalphaZ which filled the relation which presentation ratio 
X*Y*Z~ 100 mass % Gomes [ % / below / 20 mass j to be above 2 mass %. 

[0100] it is desirable that said presentation ratio X of Go is below 32 mass % above 23 mass ffc 
the presentation ratio Y of Fe is below 71 mass % above 58 mms %, and the presentation ratio Z 
of Element alpha fills with this invention the relation it presentation ratio XrY*Z^100 mass % 
Gomes [ % / below / 20 mass ] to be [ relation ] above 2 mass 

[0101 j Moreover, it is mom desirable that said presentation ratio X of Co is below 28.3 mass % 
above 213 mass %< said presentation ratio Y of Fe is below 67 J mass % above 63 mass %< and 
the presentation ratio Z of said element alpha fills with this invention the relation It presentation 
ratio X^Y ^Z- 100 mass % Gomes 1% / below / 13*8 mass ] to be [ relation j above 4 2 mass 
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[0102] Moreover, it is most desirable that the presentation ratio Z of the presentation ratio Y of 
th$ presentation ratios X and Fe of Go and Element alpha fills with this invention the relation 
which presentation ratio X*Y*2~t.0G mass % Comes to be within the limit* surrounded by three 
points, 25J5 = £X, Y, Z) (26,5 mass i 84,8 ma$$ t B3 mass %% (muss % f 63 mass %, 11J mass %X 
and (23,3 mass %, 87,5 mass %, 9,2 mass %). 

[0103] Since niagnetio flux can he oentrateed near the gap and recording density can be raised 
by said lower magnetic pole layer 32 and the up magnetic pole layer 34 being formed with the 
above-mentioned CoFeatpha alloy which has the high saturation magnetic flux density Bs beyond 
2>0T t manufacture of the thin film magnetic head excellent in high recording density-" teation is 
possible. In addition, as for said saturation magnetic flux density Bs, it is more desirable that it is 
more than 2v2T, 

[0104] Moreover, a crystal can be precisely formed by being above-mentioned presentation 
within the limits, and being formed, and said CoFeaSpha alloy can contraf in a im surface, 

and can raise corrosion resistance. In this invention, center line average^of -roughness" height Ra 
of said film surface can be set to 5nro or less. Moreover, coercive force He can be made small 
below 1S80 (A/m). 

[01 OS] With the operation gestaft shown in drawing 1 thru/or drawing 4 , each has the magnetic 
pole sections 18 and 30 between the lower core layer 18; the up cor© layer 22, and 40 The fewer 
magnetic pole iayers 19 and 32 and/or the up magnetic pofe layers 21 and 34 which constitute 
said magnetic pole -sections 18 and 30 The presentation ratio X of Co is below 48 mass % above 
8 mass %< the presentation ratio Y of Fe is below 80 mass % above 50 mass %> and it is Element 
alpha (however, Element alpha). Although the presentation ratio Z of one side of nickel and Or or 
both sides is formed by OoXFeYaiphaZ which filled the relation which presentation ratio 
X*Y*Z-100 mass % Gomes [ 1 / below / 2:0 mass ] to be above 2 mass % It is desirable that 
plating formation of the up core layers 22 and 40 which said up magnetic pole iayers 21 and 34 
are especially formed with said GoXFeYalphaZ alloy by this invention, and are formed in piles on 
said up :magnetS& poU layers 21 and 34 is carried out with the NiFe alloy. 

[0108] As for said up core layers 22 and 40< it is desirable that specific resistance b higher than 
saturation magnetic flux density Bs rather. Since it is necessary to control that eddy current 
loss occurs in the part, of said up core layers 22 and 40 in order to draw a record field suitable 
for said up magnetic pole layers 21 and 34 from the up core layers 22 and 40 at the time of 
record In a high frequency hand, it is effective to use a NiFe alloy with specific resistance higher 
than a OoFealpha alloy for the up core iayers 22 and 40 in this invention, when attaining high 
recording density-izatiorr In addition, for example, mckei80Pe20 alloy is used for said up core 
iayers 22 ami 40. 

[0107] By the way , although a OoFealpha alloy is used as up magnetic pole iayers 21 and 34 and 
the NiFe alloy is used as up core layers 22 and 40 in this invention, while carrying out plating 
formation of said up core fayers 22 and 40 by the electroplating method by this, it can prevent 
appropriately said up magnetic pole layers 21 and 34 being ionised and beginning to melt 
[01083 The element alpha in this invention is nickel and Or which make the passive state film 
used as a precise oxide film, it is that these are added and it is possible for the passive state 
film to he formed in the front face of said up magnetic pole layers 21 and 34, and to prevent 
Ionization of the up magnetic pofe iayers 21 and 34. 

[0109] ionization of the up magnetic pole layers 21 and 34 can be controlfed appropriateSy by 
thfs v and the magnetic pole excellent in high saturation magnetic flux density Bs and corrosion 
resistance can be maintained. 

[01 10] In addition, also as for the lower magnetic pole fayers 19 and 32, being formed with a 
Ophealpha alloy is desirable, and they can control effectively the ionization of said lower 
magnetio poie layers 19 and 32 when carrying out plating formation of the up core layers 22 and 
40 by this, 

[01 1 I] Moreover, the laminating of the magnetic layer more than two-layer may be carried out, 
and said lower magnetic pole layers 19 and 32 and/or the up magnetic pofe iayers 21 and 34 may 
consist of this inventions. In this configuration, it is desirable that the magnetic layer of the side 
which touches the gap layers 20 and 33 is formed with the GoFealpha alloy of the above- 
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mentioned presentation range. It is possible to be able to centralize magnetic flux more near the 
gap and to manufacture the thin film magnetic head which can respond to fixture high recording 
density-izalion by this. 

[01 12] Moreover; although other magnetic layers other than the magnetic layer which touches 
said gap layers 20 and 33 may be formed with the magnetic materia! of what kind of the quality 
of the material and a presentation ratio; it is more desirable than the magnetic layer of the side 
which touches said gap layers 20 and 33 that saturation magnetic flux density 8s becomes small, 
for example, as for a magnetic layer besides the above, being formed with a NiFe alloy is 
desirable, thereby ~— said — others — while becoming possible to draw a record field suitable 
for the magnetio layer of the side which touches the gap layers 20 and 33 from a magnetic layer, 
and to attain high recording density Hzation said - others — ionization of the magnetic layer 
of the side which touches said gap layers 20 and 33 when carrying out plating formation of the 
magnetic layer oan be prevented appropriately, 

[01 13] In addition, although a magnetic layer besides the above does not need to be formed with 
a NiFe ailoy and it may be formed with a Copeaipha alloy- etc,, it is desirable to adjust a 
presentation ratio appropriately so that it may have the saturation magnetic flux density 8 s 
lower than the magnetic layer of the side which touches the gap layers 20 and 83* 
[0114] Moreover, although the high thing of the saturation magnetic flux density of the lower 
magnetic poie layers 19 and 32 is desirable, if flu>? reversal of the leak -field between a lower 
magnetic pole layer and an up magnetic pole layer ia made easy to carry out by making it lower 
than the saturation magnetic flux density Bs of the up magnetic pole layers 21 and 34, the write- 
in consistency of the signal to a record medium can be made high more, 
[01 15] Drawing 5 is drawing of longitudinal section of the thin film magnetic head of the 3rd 
operation gostaft In this invention. With this operation gestaft, MR head h i is the same as 
drawing 1 As shown in drawing S ., the magnetic gap layer (nonmagnetic material layer) 41 by 
an alumina etc. is formed in the lower core layer 18> Furthermore on said magnetic gap layer 41, 
the coil layer 44 by Which pattern formation was carried out so that it might beoome spiral 
superficially through the insulating layer 43 made from polyimide or a resist ingredient is formed, 
In addition: said coil layer 44 is formed with the nonmagnetic conductivity ingredient with small 
electric resistance, such as Cu (copper). 

[01 IB] Furthermore, said coil layer 44 is surrounded by the insulating layer 45 formed with 
poiyimide or a resist ingredient, and the up core layer 46 made from soft magnetic materials Is 
formed on said Insulating layer 45. 

[81 1 7] As shown In drawing 8 f in the opposed face with a record medium, it counters through 
said magnetic gap layer 4 ? on the lower core layer 18, and, as for point 46a of said up core layer 
48, the magnetic gap of the magnetic gap length Gil is formed, and end face section 48b of the 
up core layer 48 is magnetically connected with the lower oore layer 18, as shown in drawing 5 . 
[0118] In this invention, the lower core layer 18 and/or the up core layer 46 The presentation 
ratio X of Go h below 48 mass % above 8 mass %> the presentation ratio Y of Fe is below §0 
mass % above 50 mass %, and it is Element alpha (however. Element alpha) The presentation 
ratio Z of one side of nickel and Or or both sides is formed with the OoXFeYalphaZ alloy which 
presentation ratio X*Y+2~1G0 mass % Comes [ 1 7 below / 20 mass j to be above 2 mass 1 and 
which fills relation 

[01 18] Moreover said presentation ratio X of Co is below 32 mass % above 23 mass %, the 
presentation ratio Y of Fe is below 71 mass % above 58 mass c i and as for the presentation ratio 
Z of Element alpha it is desirable to fill the relation which presentation ratio X *Y*Z~1O0 mass ■'% 
Gomes [ % 7 below / 20 mass } to be above g mass %> 

[01203 Moreover, it is more desirabie that said presentation ratio X of Co is below 28,3 mass % 
above 23 3 mass %, said presentation ratio Y of Fe Is beiow 8?,S mass % above 83 mass %, and 
the presentation ratio Z of said element alpha fills with this invention the relation it presentation 
ratio X4Y*2~ J00 mass ^ Comes 1% / below / 13 6 mass ] to be [ relation ] above 42 mass %. 
[01 21 J Moreover, it is most desirable that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Go and Element alpha fills with this invention the relation 
which presentation ratio X+Y+Z~1"Q0 mass % Comes to be within the limits surrounded by three 
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points, 25,5 — (X, Y. Z) (26.5 mass ?i .64,6 mass %< B3 mass %), (mass 1 83 mass Ill mass %X 
and (23+3- mass % 8X5 mass % t 9,2 mass %}, 

[0122] The OoFealpba alioy formed by the abov^^mentlormd presentation ratio cart obtain the 
high saturation magnetic flux density 8s beyond 2.1 5T by the desirable presentation ratio by 
having the saturation magnetic flux density 8s beyond 2.QT > in a more desirable presentation 
ratio, can obtain the high saturation magnetic flux density 6s beyond 2.2T> and can obtain the 
larger saturation magnetic flux density 8s than 2,2'T at the most desirable presentation ratio. 
[0123] Since magnetic flux oan he centralized near the gap and recording density can be raised 
by the up core layer 48 and/or the lower core layer 16 being farmed with the above-mentioned 
OaFeafpha alloy which has the high saturation magnetic flux density 8s beyond 2,0X, 
manufacture of the thin film magnetic head excellent in high recording densltyHzation is possible, 

XOI 24] Moreover, a crystal can he precisely formed by being above-mentioned, presentation 
within the limits, and being formed, and said GoFealpha alloy can control in a Him surface,. 

$nd can raise corrosion resistance. In this invention, center line average-of^roughness-height Ra 
of said film surface can be set to Snni or less. Moreover, coercive force He can he made small. 
Specifically/ said coercive force He can be made below into 1580 (A/mX 

[0125] Moreover, the specific resistance more than 1 5 (muomega and em) can be obtained as a 
CoFealpha allay is above-mentioned presentation within the limits. Moreover, membrane stress 
can be sat to 400 or less MPas, Furthermore about an anfeotrapy field Hk t the anisotropy field 
Hk comparable : a.s the NiFe alloy currently generally used as .soft magnetic materials from the 
former can foe obtained. 

[01 26] Drawing 6 is drawing of longitudinal section of the thin film magnetic head of the 4th 
operation gestalt in this invention. The difference from drawing S ^ that the laminating of the up 
core layer 48. is carried out, and it consists of twoHayer magnetic layers. 

[0127] Said up core layer 46 consists of the upper layers 48 by which the laminating was carried 

out to the high Bs layer 4? which has the high saturation magnetic flux density Bs on it 

[01233 The presentation ratio X of Co is below 48 mass % above 8 mass % t the presentation ratfe 

Y of Fe is below 30 mass % above SO mass %, and said quantity Bs layer 47 is formed with the 

GoXFeYaiphaZ aiioy with which the presentation ratio Z of Element alpha (however, the element 

alpha one side or the both sides of nickel and Or) fills the relation which presentation ratio 

X * Z~100 mass % Gomes [ % / below / 20 mass ] to be above 2 mass %, 

[0129] Moreover, said presentation ratio X of Go is betow 32 mass % above 23 mass % the 

presentation ratio Y of Fe is below 71 mass % above 58 mass and, as for the presentation ratio 

Z of Element alpha, it Is desirable to fill the relation which presentation ratio X*Y*Z~10G mass . % 

Ooroes [ % / below / 20 mass ] to be above 2 mass %- 

[01 303 Moreover, it is more desirable that said presentation ratio X of Go is below 28 3 mass % 
above 23,3 mass '%, said presentation ratio Y of Fe Is below 07.5 mass % above 83' mass 1% and 
the presentation ratio Z of said element alpha fills with this invention the relation it presentation 
ratio ; X+Y+Zs?1 00 mass % Games [ % / below / 13.8 mass J to be [ relation ] above 4,2 mass %/ 
[0131 j Moreover, it is most desirable that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Co and Element alpha fills with this invention the relation 
which presentation ratio XW*Z~iOO mass % Gomes to he within the limits surrounded by three 
points, 253 ~ (X, Y> Z) (28,5 mass % t 64.0 mass %< 83 mass %\ (mass % 83 mass 11.5 mass K), 
and (23,3 mass % : BIS mass %, 9,2 mass SX 

[01 32 j Thereby, saturation magnetic flux density Bs of said quantity Bs layer 47 is made to at 
least 2,0 or more. Moreover, said Bs can be preferably carried out more than 2.1 ST, said Bs can 
be more preferably carried out more than 2 TL and said Bs can be most oreferablv made lamer 
than 2,2T, 

C0 1 33 j By a crystal being formed precisely, the high Bs laver 47 formed with said GoFeaipha 
alloy can make small WW of the film surf ape of said quantity Bs layer 47, therefore can raise 
corrosion resistance, and,, moreover, can make coercive force Ho small Center fine a^eraFe-of- 
rqughness-heighf Ra of said film surface is made to 5nm or less, and, specifioaf!y 5 said ooerciv** 
force Ho can be made below into 1580 (A/ml When a GaFealpha alloy is furthermore used 
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specific resistance is made mora than I S (muoroega and cm), Moreover; mernbrane stress is 
made to 400 or less MPas, 

[0134] Although saturation magnetic flux density Bs is small compared with the high Bs Sayer 47, 
as for the upper layer 48 which constitutes said up core layer 48, specific resistance is made 
higher than said quantity Bs layer 47> Said upper layer 48 is formed for exarngfe* with 
njeke!$GFe20 afloy* 

[0135] Rather than a CoFesfpha alloy [ in / in said NiFe alloy / this invention % although 
saturation magnetic flux density Bs becomes low, specific resistance becomes high, by this, said 
quantity 8s layer 47 has the saturation magnetic flux density 8s higher than said upper layer 48; 
and concentrates magnetic flux near the gap — making ~™ record - ^ it becomes possible to 
raise resolution In addition, in this case, although said upper layer 48 does not need to be 
formed with a NIFe alloy and it may be formed with a CoFeaipha alloy etc., it is necessary to 
adjust a presentation ratio so that the saturation magnetic film density B s o f th e upper layer 48 
may become smaller than the saturation magnetic fiux density Bs of the High Bs layer 47. 
[0-1 38.3 Moreover, by the high upper layer 48 of specific resistance having been formed in said up 
core layer 48, loss by the eddy current generated when a record frequency rises can be reduced 
and the thin film magnetic head which can respond to future high record frequency-ization can 
be manufactured. 

[01 3 73 Moreovar, as this invention shows to drawing p > it is desirable that the high Bs layer 47 is 
formed in the gap layer 41 and fewer layer side which counters. Moreover, said quantity Bs layer 
47 may be formed only in. point 40a of the up core layer 46 which touches directly on the gap 
layer 4 1 , 

[01383 Moreover, the Sower core layer 16 may also consist of two-layer [ of a high 8s layer and a 
high specific resistance iayer j. In this conflguration/the laminating of the high Bs layer Is carried 
out on a high specific resistance lay er* and said quantity Bs layer counters with the up core 
layer 46 through the gap layer 4 1 

[0139] Moreover, although the up core layer 46 has a two-layer laminated structure with the 
operation gestait shown in drawing 6 < you may be three or more layers As for the high 8 s f&yer 
47, in this configuration, it is desirable to be formed m the side which touches the magnetic gap 
layer 41. 

t0 140] Moreover since the high Bs layer 47 is formed with the CoFealpha alloy m this invention, 
and nickel and the passive state film of Or are formed in the front face of said quantity Bs layer 
47 when carrying out plating formation of the upper layer 48 by the electroplating method with a 
NiFe alloy, the phenomenon of said quantity Bs layer 47 -being ionized and beginning to mait can 
be con trofied appropriately, 

[0141] Drawing 7 is drawing of iongitudina! section of the thin film magnetic head of the 5th 
operation gestalt in this invention With the operation gesta it of drawing 7 , the configuration of 
MR head h i is the ^me as drawing 1 ., As shown in drawing 7 t the bosselafion of the lower 
magnetic pole layer 50 is carried put from the opposed face with a record medium on. the lower 
core layer 18; The insulating layer SI is formed behind [ height direction 1 said lower magnetic 
pole layer 50 (the direction of illusf ration V), The top face of said insulating layer SI serves as a 
concave configuration, and coif forming face Sla b farmed. 

[0142] It applies on said insulating layer SI from on said lower magnetic pole iayer SO, and the 
gap layer 52 is formed> f urthermore on coil forming face 51a of caid insulating layer 61, the coif 
layer S3 is formed through the gap layer 52. Said coil layer 53 top is covered with the insulating 
layer 54 made from an organic insulation. 

?^ As shown m ##vving 7 i pattern, formation is carried out by frame plating, up apply mg 
{ SS j. it on an insulating layer 54 from on mid gap layer 52. 

[0144] On said gap layer 82, point 55a of said up core layer 55 counters with the lower magnetic 
pole layer 50, and is formed. End face section 55b of said up core layer 55 was formed on the 
lower core layer 18, is raised, and is magnetically connected to said lower core layer 16 through 
a layer 58, 

[01.45] In this operation gestalt the presentation ra tio X of Co of the up core layer 55 and/or 
the lower magnetic pole layer SO is below 48 mass .% above 8 mass % The presentation ratio Y of 



httj}://www4jp 



2008/12/0? 



JF,2O02~217023,A [DETAILED DESCRIPTION] 14/26 ^ 



Fe is below 90 mass I above SO mass % and the presentation rat io Z of Element alpha (however, 
the element alpha one side or the both sides of nickel and Or)" is formed with the CoXFeYaipbaZ 
alloy which pre santatbn ratio X:*Y*Z-~10O : mass % Gomm I % / below / .20 mass ] to he above 2 
mass % and which fills relation, 

[01463 Moreoven said presentation ratio X of Co is below 32 mass % above 23 mass % } the 
presentation ratio Y of Fa is below 71 mass % above 58 mass %, and. as for the presentation ratio 
Z of Element alpha, it is desirable to fill the relation which presentation ratta. X^Y^Z-100 mass % 
Gomes ! % / below / 20 mass 3 to be above 2 mass %. 

[01473 Moreover, it is more desirable that said presentation ratio X of Go is below 28,3 mass % 
above 23,3 mass %> said presentation: ratio Y of Fe is below 67.5 mam % above 83 mass I, and 
the presentation ratio Z of said element alpha fills with this invention the relation it presentation 
ratio "XW+Z'1 00 mass % Gomes [ % / below / 13,8 mass j to be L relation J above 4.2 mass 
.[.01 48] Moreover* it is most desirable that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Co and Element alpha fills with this invention the relation, 
which presentation ratio X^Y^I-10D mass % Gomes to. be within the limits surrounded by three 
points, 25,8 - (X, Y v Z) (28.5 mass %, 64 6 mass 8 M mass %)> (mass %, 83 mass %, 1 1,5 mass %X 
and (23.3 mass % 67,5 mass %, 9.2 mass %), 

[0140] In drawing 7 , if the lower magnetic pole layer 50 is formed and it is formed with said 
CoFeaipha alloy whieh has the saturation magnetic flux density 8s with said, lower magnetic' pole 
layer SO higher than the lower core layer 16< It Is possible to be able to cervtrafee magnetic flux 
near the gap and to aim at improvement in recording density; 

[0150] Moreover although the whole may he farmed with said CoFeaipha alloy, as for the up 
core layer 55, the side which said up core, layer 5.5 is the laminated structure of the magno tic- 
layer more than two- 'layer, and counters with the gap layer 52 like drawing 6 may be formed by 
said CoFeaipha alloy film as a high Bs layer Moreover, in this case, it is desirable that only point 
BSa of said up core layer 55 Is formed by the laminated -structure of the magnetic layer more 
than twoHayer, and the high Bs layer is formed in contact with said gap layer 52 top, considering 
the point which is made to ooncentrato magnetic flux near the gap and. raises recording density. 
[QlSl j In addition, as for the CoFeaipha alloy film, in each operation .gestaft shown in drawing I 
thru/or drawing 7 by this invention. It is desirable that plating formation is earned cut In this 
invention, plating formation of said OoFealpha alloy can be carried out by the electroplating 
method which used pulse current 

[01 82] Moreover it can form by the thickness of arbitration by carrying out plating formation of 
said GoFealpba alloy, and it heoonies possible forming by thick thiokness rather than forming by 
the spatter, 

[0153] Moreover in each operation gestaii although the layer of a sign 16 is a Sower core layer 
and the combination layer of an up shielding layer said lower core layer and the up shielding 
layer may be formed separately. An insulating layer is made to intervene between said lower core 
layer and an up shielding layer Irs this case, 

[0154] Next, the genera! manufacture approach of the thin film magnetic head shown in drawing 

\ H ** am 

1 thru/ or drawing 1 is explained below. 

[0? 55] fhe thin film magnetic head shown in drawing I and drawing 2 forms the magnetic pole 
section IS which consists. in the height direction of the lower magnetic pole layer 19, the 
nonmagnetic gmp lay^r 20, and the up magnetic pole layer 2 I by continuation plating from an 
opposed face with a record medium using a resist after forming Gd arrangement layer 17 on the 
lower core layer 16. Next, after forming an insulating layer 23 behind [ height direct ion j said 
magnetic pole section 18, flattening of the top face of said magnetic pole section 18 and the top 
face of said insubting layer 23 is carried out to the same flat Surface using a CMP technique 
After carrying out pattern formation of the coil layer 24 spirally on said insulating layer 23, an 
insulating iayer 2-5 is formed on said coif layer 24 And it applies on an insulating layer 25 from on 
said magnetic pole section 18, and the up core layer 22 is formed for example, with frame plating, 

10 ! S8j The thin film magnetic head shown in drawing 3 and drawing 4 forms width-of-reoording- 
track formation slot 3 la towards the height direction back using a resist from an opposed face 
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with the record medium of said insulating layer 31 * after forming an insulating layer 31 on the 
lower core layer 16. Furthermore* the inclined planes Sic and 3 to shown in drawing 3 are formed 
in mid V/ktth-of^recordt formation slot 31a 

[Q15?l In said vvidtli w of^re^0rding~*track formation slot 31a, the lower magnetic pole- layer 32 and 
the nonmagnetic gap layer 33 are forroed> After forming Gd arrangement layer 37 on an insulating 
layer 31 from on said gap layer 33, plating formation of the up magnetic pole layer 34 is carried 
out on said gap layer 33 Next, after carrying out pattern formation of the coil layer 38 spirally on 
said insulating layer 31, an insulating layer 39 is formed on said opii layer 38, And it applies on an 
insulating layer 39 from on said up magnetic pole layer 34, and the up core layer 40 is formed for 
example, with frame plating, 

[0158] After the thin film magnetic head shown in drawing 5 and drawing 8 forms the gap layer 
41 on the lower cons layer 16 first and forms an insulating layer 43 further* it carries out pattern 
formation of the coil layer 44 on said insulating layer 43. After forming an insulating layer 45 on 
said coil layer 44, it applies on said insulating layer 45 from the gap layer 41 < and pattern 
formation of the up core layer 48 is carried out with frame plating. 

[0159] First, on the Sower core layer 16 c a resist is used for the thin film magnetic head shown in 
drawing 7 t it forms the lower magnetic pole layer 50 c and forms an insulating layer 51 behind 
[ Height direction ] said lower magnetic pole layer 50 further Once flattening of the top face of 
said iower magnetie pole layer 50 and said insulating layer 61 Is carried out by the GWI&- 
technique, it forms coil forming face 51a used as a concave configuration in the top face of said 
insulating layer 51;, Next after forming the gap layer 52 on said insulating layer 51 from on said 
lower magnetic pole layer 80, pattern formation of the coil layer 53 is spirally carried out on said 
gm layer -52* m& an • insulating foyer 54 is further formed on said dpi! layer 53, And it applies on 
an insulating foyer 54 from on said gap layer 52, and pattern formation of the up core layer SB is 
named out for example* with frame plating, 

[01 60] Next the plating forming method of a CoXFeYalphaZ aiioy in this invention the 
presentation ratio X of Co is below 48 mass % above 8 mass %> the presentation ratio Y of Fe is 
below 90 mass % above 50 mass %, and the presentation ratio X of Element alpha (however, the 
element alpha one side or the both sides of nickel : am! Or) Bib the relation which presentation 
ratio X ^2-1 00 mass % Gomes [ % / below / 20 mass 3 to be above 2 mass ■'% is explained 
below. 

[016 Jj In this invention, plating formation of said CoFeaSpha alloy is carried out by the 
electroplating method which used pulse current 

[0162] By the electroplating method using pulse current, • ON/OFF of a current controlling 
element is repeated, for example, and the time amount whioh passes a current at the time of 
plating formation, and the- blank time amount which does not pass a current are established 
Thus, it is possible to carry out plating formation of the GoFealpha alloy Bim little by little, to 
compare by establishing the time amount whieh does not pass a current when a direct current is 
used like before, even it inpreases the ooncentration of Fe ion occupied to a plating hath, and 
to ease the bias of distribution of the current density at the time of plating; formation 
[0183j In addition, as for pulse current it Is desirable to repeat ON /OFF for example, in several 
second cycle, and to make a duty ratio about into 0 J to 03. The conditions of pulse current 
affect the diameter of average crystal grain of a GoFealpha alloy, and center line average-of- 
roughness -height Ra of a film anrfaoe. 

10164] As mentioned above, by the electroplating method by pulse current since the bias of 
distribution of the current density at the time of plating formation can be eased, it becomes 
possible to increase conventionally Fe content contained in a GoFeaipha alloy compared with the 
eiectroplating method by the direct current 

[01853 in this invention, it compares with the eleotropiating method using a conventional direct 
current by the electroplating method by said pulse current, The degree of freedom of adjustment 
of a presentation ratio can adjust easily the presentation ratio X of Co of increase and a 




presentation ratio Z of Element alpha easily to below 20 mass % above 2 mass % 
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[01 66] Said presentation ratio X of Co by limiting a plating bath presentation as follows in this 
invention above 23 mass % Moreover, below 32 mass % With the CoFealpha alloy which the 
presentation ratio Z of below 71 mass % and Element alpha was made to below 20 mass % above 
2 mass % above 58 mass %, and was formed by this presentation ratio, the presentation ratio Y of 
Fe Saturation magnetic flux density Bs is made more than 2.1 5T, moreover, center line average- 
of-roughness-height Ra of a film surface is made to 5nm or less, it has high saturation magnetic 
flux density effectively, and the soft magnetism film which was moreover excellent in corrosion 
resistance can be manufactured. 

[01 67] In this invention, the ratio of Fe ion concentration / Co ion concentration is made or 
more into 1.5, and the ratio of Fe ion concentration / alpha ion concentration is made or less 
into four two or more. As shown in the below-mentioned experimental result, Fe presentation 
ratio of a CoFealpha alloy is made to below 71 mass % above 58 mass % as it is the above- 
mentioned ratio, and Co presentation ratio is made to below 32 mass % above 23 mass %. 
[0168] In case of the plating bath presentation from which it separates from the ratio of the 
above-mentioned ion concentration, the amount of Fe(s) may be less than 50 mass %, the 
saturation magnetic flux density Bs beyond 2.0T cannot be obtained, it is stabilized, and it 
becomes impossible on the other hand, to obtain the high saturation magnetic flux density Bs. 
Furthermore, center line average-of-roughness-height Ra of a film surface may become larger 
than 5nm, and corrosion resistance may get worse. 

[0169] Moreover, it is desirable it to be desirable that it is lower than before as for Fe ion 
concentration, and to specifically be set up by 2.0 or less g/l in this invention, at 1 .0 or more g/l. 
In the former, although said Fe ion concentration was for example, 4.0 g/l extent, the stirring 
effectiveness can be raised by making it low concentration, while being able to enlarge Fe 
content of a CoFealpha alloy more appropriately, a precise crystal can be formed, and it can be 
made the CoFealpha alloy excellent in corrosion resistance. 

[0170] Moreover, in this invention, Fe ion concentration / Co ion concentration under plating 
bath are made or more into 1.5. Fe ion concentration / alpha ion concentration is made or less 
into 3.4 by two or more, and the presentation ratio X of Co is below 28.3 mass % above 23.3 
mass %. Said presentation ratio Y of Fe It is below 67.5 mass % above 63 mass %, and, as for the 
presentation ratio Z of said element alpha, it is desirable to carry out plating formation of the 
CoXFeYalphaZ alloy film which presentation ratio X+Y+Z=100 mass % Comes [ % / below / 13.6 
mass ] to be and which fills relation above 4.2 mass %. 

[0171] With the CoFealpha alloy formed by this presentation ratio, saturation magnetic flux 
density Bs is made more than 2.2T, moreover, center line average-of^roughness-height Ra of a 
film surface is made to 5nm or less, it has high saturation magnetic flux density effectively, and 
the soft magnetism film which was moreover excellent in corrosion resistance can be 
manufactured. 

[0172] Moreover, in this invention, Fe ion concentration / Co ion concentration under plating 
bath are made or more into 1.7. Fe ion concentration / alpha ion concentration is made or less 
into 3.4 by two or more. The presentation ratio X of Co the presentation ratio Y of Fe, and the 
presentation ratio of Element alpha — Z= (X, Y, Z) (26.5 mass % — ) 64.6 mass % and 8.9 mass % 
(25.5 mass % and 63 mass % — ), It is most desirable to carry out plating formation of the 
CoXFeYNiZ alloy film which presentation ratio X+Y+Z=100 mass % Comes to be within the limits 
surrounded by three points, 23.3 1 1.5 mass %, and (mass %, 67.5 mass 96, 9.2 mass %), and which 
fills relation. 

[0173] With the CoFealpha alloy formed by this presentation ratio, saturation magnetic flux 
density Bs can be made larger than 2.2T, moreover, center line average-oi^roughness-height Ra 
of a film surface is made to 5nm or less, it has high saturation magnetic flux density effectively 
and the soft magnetism film which was moreover excellent in corrosion resistance can be 
manufactured It is checked that 66.1 mass % and the presentation ratio of Co are made by the 

ZT^ll r^* 0 °/ ; 3nd 24 6 maSS % 3nd the P resent a«on ratio of Element alpha can make 
rn i?ai Z * satur ation magnetic flux density Bs large even to 2.25T especially 

h°Ih \ M °: e ° Ve i u iS ,? esi . rab,e to mix saccharin sodium (C6H4CONNaS02) during the plating 
bath of a CoFealpha alloy in this invention. Said saccharin sodium has the role of a stress 
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relaxation -agent, and it .becomes possible to reduce the membrane stress of the CoFealpha alloy 
by. which plating formation was carried out In addition, if nickel is chosen as Element alpha, it is 
possible to reduce- membrane strops more. 

[0175] Moreover, it. is desirable to mix 2-butine — 1 and 4 dioi during the plating bath of the 
above-mentioned CoFealpha alloy. Big and roughHzation of the diameter of erysta! grain of said 
GoFealpha alloy can be controlled by this, and ooe reive force Ho oao be reduced. 
[0176] Moreover, it is desirable to mix a 2-ethythexyf sodium sulfate during the plating bath of 
said CoFealpha alloy in this invention, 

[0177] Said 2-ethyihexyf sodium sulfate is a surfactant It can prevent that cart remove the 
hydrogen generated at the time of plating formation of & CoFealpha alloy, and said hydrogen 
adheres to the plating film by mixing of said 2-ethylhexyf sodium sulfate. If hydrogen adheres to 
said plating film, since it will become the cause which a crystal is not formed precisely* 
consequently makes of a film surface severe, it is possible to be able to make small 

of the film surface of said plating film, and to make coercive force Ho smalt by removing 
said hydrogen like this invention, 

[0178] In addition, although it may replace with said 2^ethy!hexyt sodium sulfate and sodium 
Saury! sulfate may he mixed, since it is easy to foam when it puts in during a plating bath 
compared with said 2-ethyShexyi sodium sulfate, it is difficult for said sodium faury! sulfate to mix 
said sodium Saury! sulfate in extent which can remove hydrogen effectively. For this reason, m 
this invention, the 2 w ethylhexy! sodium sulfate whieh cannot foam easily compared with said 
sodium iauryi sulfate can be mixed in extent which can remove hydrogen effectively, and it is 
desirable, 

[0179] Moreover; it is desirable to mix a boric acid during said plating bath. The boric acid is 
effective for becoming the buffer for pH of an electrode surface, and taking out the gioss of the 
plating film. 

[0180] In addition, although the thin film magnetic head shown m drawing..! thru/or dmmng l as 
an application of a CoFealpha alloy was shown in this invention, it is not limited to this 
appfieatioa For example, said CoFealpha alloy is usable to fl.at-surfa.ee mold magnetic cel!s> such 
as a thin film inductor, etc. 
[0181] 

[Example] in this invention, plating formation of the CoFeNi alloy was carried out using the 
.electroplating method by pulse current from the plating bath shown below, and it investigated 
about the relation between the presentation ratio of said CoFeNi alloy, soft magnetic 
characteristics, and a film property at this time. 

[0182] First, the ratio of Fe ion concentration / Co bn concentration is smaller than 1.5, and the 
plating bath presentation in case the ratio of Fe ion concentration / nickel ion concentration 
becomes small rather than 2 is shown in the following table 1. 
[0183] 
[Table 1] 

F e ^-f>/a> f *t>& iskv. fe^< fc i^>ym f & n h/hmm 



■-.-.-.^■vi^*vvv\\\s« 



^ ^»-«-«:»t»*?ii.-^-v. 



f" - 



2- x 9)^^¥ isjmm$*'h 





101843 In the plating bath shown in Table 1, Fe ion concentration was made into ?. g/f and nickel 
ton concentration was further made into 2.23 g/l for Co ion concentration 1,35 g/f Moreover the 
mocmrm sodmm of the amount displayed on the plating bath by Table 1, a 2 •ethylhexyi sodium 
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sulfate, 2-butine -1 , 4-diol, the boric acid, and the sodium chloride were added. 

[0185] Next, the plating bath presentation in case the ratio of Fe ion concentration / Co ion 

concentration becomes [ the ratio of Fe ion concentration / nickel ion concentration ] smaller 

than 2 or more by 1.5 is shown in the following table 2. 

[0186] 

[Table 2] 

Fe *>/Co 1.5 SLtT. Fe -f * >/NI -f * 2 «fc 0 fc/J><&» 



Fe-f *> 


ao. a72 


b/1 


Oo-f*> 


L2B. 2.38 


b/1 




2.0. a 29 


8/1 




0.6. L2 


B/1 




0.15. 0.4 


8/1 




0. 1J6 


8/1 




25 


8/1 




25 


8/1 



[0187] In the plating bath shown in Table 2, Fe ion concentration was made into 2 g/I, and nickel 
ion concentration was further made into 2 g/I for Co ion concentration 1 .26 g/I. Moreover, in 
other plating baths, Fe ion concentration was made into 3.72 g/I, and nickel ion concentration 
was further made into 3.29 g/I for Co ion concentration 2.38 g/I. Moreover, two or more plating 
baths which are different as the addition of saccharin sodium, a 2-ethylhexyl sodium sulfate, 2- 
butine -1, and 4-diol is shown in a table were made from each above-mentioned plating bath. 
And the CoFeNi alloy was manufactured from each plating bath presentations of two or more. 
[01 88] Next, the ratio of Fe ion concentration / Co ion concentration is shown in Table 3 of the 
following [ presentation / in case the ratio of Fe ion concentration / nickel ion concentration 
becomes four or less or more by 1 .5 two or more / plating bath ]. 
[0189] 
[Table 3] 

Fe -f -t*>1fih5 EU:T, Fte -f *>/Nl -f *>tfi 2 £Ur 4 £*T<D» 



Fe-faf> 


U7, L2& L41, 1.61, L81 


g/1 




OS7* 069, 073, 0.87 


g/1 




035, 0.45, 048. 054 


g/1 




08, 12 


g/1 




0.15, 03 


g/1 


2-^>- 1, 4- 


0, L2 


g/I 




25 


g/1 




25 


g/1 



[0190] In the plating bath shown in Table 3, Fe ion concentration was made into 1.17 g/I, and 
nickel ion concentration was further made into 0.35 g/I for Co ion concentration 0.57 g/I. In 
other plating baths, Fe ion concentration was made into 1.17 g/I, and nickel ion concentration 
was further made into 0.45 g/I for Co ion concentration 0.73 g/I. Moreover, in other plating 
baths, Fe ion concentration was made into 1.29 g/I, and nickel ion concentration was made into 
0.45 g/I or 0.49 g/I for Co ion concentration at 0.73 g/I or 0.87, and a pan. moreover — other 
plating baths — Fe ion concentration — 1.41 g/I and Co ion concentration — 0.87 g/I — or 
nickel ion concentration was further made into 0.54 g/I or 0.35 g/I 0.69 g/I. Moreover, in other 
plating baths, Fe ion concentration was made into 1.61 g/I, and nickel ion concentration was 
further made into 0.54 g/I for Co ion concentration 0.87 g/I. Moreover, in other plating baths, Fe 
ion concentration was made into 1.81 g/I, and nickel ion concentration was further made into 
0.54 g/I for Co ion concentration 0.87 g/I. Moreover, two or more plating baths which are 
different as the addition of saccharin sodium, a 2-ethylhexyl sodium sulfate, 2-butine -1, and 4- 
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diol is shown in a table were made from each above-mentioned plating bath. And the CoFeNi 

alloy was manufactured from each plating bath presentations of two or more. 

[0191] Next, the ratio of Fe ion concentration / Co ion concentration is shown in Table 4 of the 

following [ presentation / in case the ratio of Fe ion concentration / nickel ion concentration 

becomes 3.4 or less or more by 1 .5 / plating bath ]. 

[0192] 

[Table 4] 





1.17, liO, 1.81 


s/1 


Cb-f 


0.73. 087 


g/1 




045. 0.49. 054 


8/1 


* U >•)• h U t> A 


1.2 


K/l 


2-rfjKt->MWt h U C A 


03 


8/1 




12 


g/1 




25 


B/l 




25 


S/1 



[0193] Next, the ratio of Fe ion concentration / Co ion concentration is shown in Table 5 of the 
following [ presentation / in case the ratio of Fe ion concentration / nickel ion concentration 
becomes 3.4 or less or more by 1 .7 / plating bath ]. 
[0194] 
[Table 5] 

Fe -f *>/Co -f *>*t L7 ELfcT. Fe -f *>/Nl 3A «T©# 



Fe-f*> 


1.29. L60, L81 


S/1 




0.73, 087 


s/i 




045, 0.48, 054 


B/l 




L2 


e/i 


2-x^;i^^->;ua«^ h y «?A 


03 


g/l 


2- -1, 4- 5?*-JV 


L2 


8/1 




25 


8/1 


8Mfc:f- h y OA 


25 


8/1 



[0195] Next, the ratio of Fe ion concentration / Co ion concentration is shown in Table 6 of the 
following [ presentation / in case the ratio of Fe ion concentration / nickel ion concentration 
becomes 3.0 or less by 1 .8 / plating bath ]. 
[0196] 
[Table 6] 

Fe -f :*>/Cb -f 1.8 ©«, Fe < -f *>jjt ao 





L6 


8/1 


Oo-f*> 


0.87 


8/1 


Nl-f *> 


054 


s/l 


•9-y*y>^-hyc7A 


L2 


8/1 


2-^)v^^y)vmm- v y 9 a 


03 


e/I 


2-:7»-i. 4-^-;u 


L2 


8/1 




25 


B/l 


«Ht^ h y *a 


25 


R/l 



[0197] Next, the plating bath presentation in case the ratio of Fe ion concentration / Co ion 
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concentration becomes [ the ratio of Fe ion concentration / nickel ion concentration ] larger 
than 4 or more by 1 .5 is shown in the following table 7. 
[0198] 
[Table 7] 

Fe -i *>/Co1*>ifi IS «JbT, Fie -f *>/Nl -f *>*t 4 «fc 0 



Fe-f 


L17 




Ct>-f 5f> 


073 


8/1 




an 


8/1 




L2 


8/1 


2— X^Jk'S^ v'Jkttt h U *A 


03 


8/1 




L2 


8/1 




25 


B/l 




25 


8/1 



[0199] Moreover, when carrying out plating formation of the CoFeNi alloy from the plating bath 
presentation of Table 1 thru/or 7, the following membrane formation conditions were carried out 
in common. 

[0200] Whenever [ plating bath temperature ] was first set as 30 degrees C. Moreover, pH of an 
electrode was set as 2.8. Moreover, current density was set as 46.8 mA/cm2. Furthermore, the 
dee tea ratio (ON/OFF) of pulse current was set as 400/1 000msec. Moreover, Fe electrode was 
used for the electrode by the side of an anode. 

[0201] It was as [ property / by which plating formation was carried out by each plating bath 
presentation of Table 1 thru/or 7 / of a CoFeNi alloy / the soft magnetic characteristics and the 
film property ] follows. 
[0202] 
[Table 8] 



Feffitt 


528[R8X]£U:, 5a2[R*X]£tT 


Go ft* 


303[RS%]£U:. 322 [S?fi96]£lT 


Bs 


2.09-2.10 




L6&ndJSU:. 2.9tnm]6rF 




212[MRa]£Lh. 235[MRaJ«T 



[0203] Table 8 is the experimental result of Table 1 , namely, is an experimental result at the time 
of making the ratio of Fe ion concentration / Co ion concentration smaller than 1.5, and making 
Fe ion concentration / nickel ion concentration smaller than 2. 

[0204] As shown in Table 8, the presentation ratio of Fe of a CoFeNi alloy became below 53.2 
mass % above 52.8 mass %, and the presentation ratio of Co became below 32.2 mass % above 
30.3 mass %. 

[0205] Moreover, as shown in Table 8, about center line average-of^roughness-height Ra of a 
film surface, it was able to be set to 2.9nm or less by 1.6nm or more, and the good value was 
able to be acquired. Moreover, the saturation magnetic flux density Bs beyond 2.0T could be 
obtained, and the variation in a value was also small. However, said maximum of Bs was 2.1 T. 
[0206] In Table 8, the thing with the small variation in saturation magnetic flux density Bs is 
considered because crystallinity is good, when Ra is 2.9nm or less in 1.6nm or more. However, it 
is considered to be in that there are few amounts of Fe(s) that said Bs does not exceed 2 2T 
[0207] 

[Table 9] 
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Fe&Jft 


52.3[»«X]«±. 56l1[SS96]»T 


OoMUA 


3a7[»ax]«±, 3a8[««»]KT 


Bs 


2.07~£14 






BBS* 


235tMPa]£l±, 291 [MPa] ETF 



[0208] Table 9 is the experimental result of Table 2, namely, is an experimental result at the time 
of making the ratio of Fe ion concentration / Co ion concentration or more into 1.5. and making 
Fe ion concentration / nickel ion concentration smaller than 2. 

[0209] As shown in Table 9, the presentation ratio of Fe of a CoFeNi alloy became below 56.1 
mass % above 52.3 mass %, and the presentation ratio of Co became below 30.8 mass % above 
30.7 mass %. 

[0210] Moreover, as shown in Table 9, about center line average-of-roughn ess-height Ra of a 
film surface, it was set to 3.5nm or less by 2.9nm or more. Moreover, about saturation magnetic 
flux density Bs. 2T were exceeded, and it was set to 2.1 4T at the maximum, and became larger 
than the case of Table 8. However, the variation in saturation magnetic flux density was large. 
When Ra is set to 3.5nm or less by 2.9nm or more and becomes large compared with Table 8. 
since crystallinity fell, it is thought of that the variation in saturation magnetic flux density Bs 
becomes large. Moreover, although it is thought of because the amount of Fe(s) became large a 
little that saturation magnetic flux density became large rather than Table 8. it is still thought 
from the lack of Fe that saturation magnetic flux density Bs does not exceed 2.2T. 
[0211] 
[Table 10] 





58 [R«ftn£l_b. 71[»ft«]£tT 






M&tt 




Bs 


2.16 mELh. Z25[T]ECF 




Z3[nm]£JU, 5fom]&T 




18fMPa]£U:, 400[MRa]£TF 



[0212] Table 10 is the experimental result of Table 3, namely, is an experimental result at the 
time of making the ratio of Fe ion concentration / Co ion concentration or more into 1.5, and 
making Fe ion concentration / nickel ion concentration or less into four by two or more. 
[0213] As shown in Table 10, the presentation ratio of Fe of a CoFeNi alloy became below 71 
mass % above 58 mass %. and the presentation ratio of Co became below 32 mass % above 23 
mass %. 

[0214] Moreover, as shown in Table 10, saturation magnetic flux density Bs is less than [ 2.25T ] 
more than in 2.1 6T, and was able to obtain about [ that saturation magnetic flux density Bs 
always exceeds 2.0T ] or the high saturation magnetic flux density beyond 2.1 5T. 
[0215] Moreover, by 2.3nm or more, center line average-oi^roughness-height Ra of a film 
surface was able to be set to 5nm or less, and was able to be appropriately controlled also about 

[0216] Thus, in Table 10, since center line average-of-roughness-height Ra of about [ that the 
very high saturation magnetic flux density Bs exceeding 2.1 5T is obtained ] and a film surface 
could also be held down to 5nm or less and the good result was obtained compared with Table 8 
and 9, by this invention, we decided to make into the desirable presentation range the plating 
bath presentation which made the ratio of Fe ion concentration / Co ion concentration 1.5 or 
more, and made Fe ion concentration / nickel ion concentration four or less or more by two. 
[0217] 
[Table 11] 
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63>l[Jtfi&]£U:, 




23.3[R«*]£U:, 28L3[R**]«T 




42-ia6[|?««] 


Bs 


22[T]Et-k, 225CT]«T 




2.7foni]£iU;» S&nalCtT 


BBS* 


168[MRa]et±, 4D0[MPaJ£tT 



[0218] Table 11 is the experimental result of Table 4, namely, is an experimental result at the 
time of making the ratio of Fe ion concentration / Co ion concentration or more into 1.5, and 
making Fe ion concentration / nickel ion concentration or less into 3.4 by two or more. 
[0219] As shown in Table 11, the presentation ratio of Fe was below 67.5 mass % above 63 mass 
%, and the presentation ratio of Co was below 28.3 mass % above 23.3 mass %, and the 
presentation ratio of nickel was below 13.6 mass % above 4.2 mass %. 

[0220] As shown in Table 1 1 , saturation magnetic flux density Bs is less than [ 2.25T ] more than 
in 2.2T, and was understood that it is possible to always obtain the high saturation magnetic flux 
density Bs beyond 2.2T. Moreover, center line average-of^roughness-height Ra of a film surface 
was also 5nm or less in 2.7nm or more, and its ****** was small. 

[0221] Therefore, in this invention, we decided to make into the more desirable presentation 
range the plating bath presentation which made the ratio of Fe ion concentration / Co ion 
concentration 1.5 or more, and made Fe ion concentration / nickel ion concentration 3.4 or less 
or more by two. 
[0222] 
[Table 12] 



Petti* 


6a0 ! 646 j 67.5 
1 i 


CbttJS 


255 285 233 
1 ■ 1 


rattjft 


1L5 j 8.9 j ft2 


BS 


a2[T]J:Dt)*. E25[T]eiT 




27bmCEk±, SbnrifiTF 




329[MRaM±, 4»[MRa]«T 



[0223] Table 12 is the experimental result of Table 5, namely, is an experimental result at the 
time of making the ratio of Fe ion concentration / Co ion concentration or more into 1 .7, and 
making Fe ion concentration / nickel ion concentration or less into 3.4 by two or more. 
[0224] As shown in Table 12, the presentation ratio of Fe is below 67.5 mass % above 63 mass %, 
and the presentation ratio of Co is **** below in 26.5 mass % above 23.3 mass %. In addition, it 
sets on 3 original drawings and, for the presentation ratio of Fe, 64.6 mass % and the 
presentation ratio of Co are [ each presentation ratio of Fe, Co, and nickel ] 26.5 mass %. For the 
point that the presentation ratio of nickel becomes 8.9 mass %, and the presentation ratio of Fe, 
63 mass % and the presentation ratio of Co are 25.5 mass %. For the point that the presentation 
ratio of nickel becomes 11.5 mass %, and the presentation ratio of Fe, 67.5 mass % and the 
presentation ratio of Co are 23.3 mass %. It is presentation within the limits surrounded by a total 
of three of the points that the presentation ratio of nickel becomes 9.2 mass %. 
[0225] As shown in Table 12, saturation magnetic flux density Bs became less than [ 2.25T ] 
from 2.2T greatly, and was understood that it is possible to obtain the always larger saturation 
magnetic flux density Bs than 2.2T compared with the case of Table 11. Moreover, center line 
average-of-roughness-height Ra of a film surface was also 5nm or less in 2.7nm or more, and its 
****** was small. 

[0226] Therefore, in this invention, we decided to make into the most desirable presentation 
range the plating bath presentation which made the ratio of Fe ion concentration / Co ion 
concentration 1 .7 or more, and made Fe ion concentration / nickel ion concentration 3.4 or less 
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or more by two. 
[0227] 



[Table 13] 


Feffij* 


66.1 


co a* 


246 [RSK] 


Bs 


2.25 [T] 


5581 


2.7 fan] 




359 [MPa] 



[0228] Table 13 is the experimental result of Table 6, namely, is an experimental result at the 
time of setting the ratio of Fe ion concentration / Co ion concentration to 1.8, and making Fe ion 
concentration / nickel ion concentration or less into three by two or more. 

[0229] As shown in Table 13, the presentation ratio of Fe was 66.1 mass %, and the presentation 

ratio of Co was 24.6 mass %, and the presentation ratio of nickel was 9.3 mass %. 

[0230] As shown in Table 1 3, saturation magnetic flux density Bs was able to obtain 2.25T and 

very high saturation magnetic flux density. Moreover, center line average-of-roughness-height 

Ra of a film surface was also 2.7nm, and its ****** was small. 

[0231] 

[Table 14] 





72 mm%i 








24[*»X] 


Bs 


2.15 [T] 


mis 


5.4 Cnm] 




387 [MPa] 



[0232] Table 14 is the experimental result of Table 7, namely, is an experimental result at the 
time of making the ratio of Fe ion concentration / Co ion concentration or more into 1.5, and 
making Fe ion concentration / nickel ion concentration larger than 4. 

[0233] As shown in Table 14, the presentation ratio of Fe of a CoFeNi alloy was 72 mass %, and 
25.6 mass % and the presentation ratio of nickel of the presentation ratio of Co were 2.4 mass % 

s. 

[0234] Although the high saturation magnetic flux density Bs which saturation magnetic flux 
density Bs is set to 2.1 5T as shown in Table 14, and exceeds 2.0T was able to be obtained, 
center line average-of-roughness-height Ra of a film surface was set to 5.4nm, it became larger 
than 5nm, and ****** became large. 

[0235] The reason ****** becomes large is considered to be in the ratio of Fe ion 
concentration / nickel ion concentration being higher than other plating baths of Table 1 thru/or 
6, as shown in the plating bath presentation of Table 7. 

[0236] It becomes the abnormality deposit in which Fe deposits in dominance that Fe ion 
concentration is a value large enough compared with nickel ion concentration, and the diameter 
of crystal grain makes it big and rough, and cannot form the precise film, but is considered that 
****** of a film surface becomes large. 

[0237] Moreover, about the ability of ****** to be controlled, the magnitude of the Fe ion 
concentration itself also involves greatly. As for said Fe ion concentration, in this invention, it is 
desirable that it is 1.0 g/l - 2.0 g/L In addition, in the former, Fe ion concentration was 4.0 g/l 
extent. It is possible to be able to raise the stirring effectiveness by making Fe ion concentration 
into low concentration conventionally like this invention, to be able to make the diameter of 
crystal grain small, while being able to increase the amount of Fe(s) contained in a CoFeNi alloy, 
to be able to form the precise film, and to control ******. 

[0238] Moreover, by mixing 2-butine -1 and 4 diol during a plating bath, big and rough-ization of 
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the diameter of crystal grain of a CoFeNi alloy by which plating formation was carried out can be 
controlled, it is hard coming to generate an opening between crystals because said diameter of 
crystal grain becomes smalt and of a film surfaoe can be controlled 

[0239] Next, relation with the amount of Fe(s3 of each CoFeNi alloy* the soft magnetic 
characteristics, and the film property which were acquired in the above-mentioned experiment 
was measured, and it collected into below. Moreover, it investigated about, relation with the 
amount of Fe(s}, the soft magnetic characteristics, and the film property which are included in a 
NiFe alloy also about a NiFe alloy, Moreover, plating formation of said NiFe alloy was carried out 
by the electroplating method using pulse current on the same conditions as the time of carrying 
out plating formation of the CoFeNi alloy. 

[0240 J Drawing 8 is 3 original drawings showing the relation between the presentation ratio of a 
CoFeNi alloy, and saturation magnetic flux density 8s, 

[02413 As shown in drawing 8 > (3 On nickel presentation shaft of original drawing), ail are less 

than [ ivST J and, as for the saturation magnetic flux density Bs. of a NiFe. alloy are known by not 

exceeding 2,QT, Moreover. ^ mark also showed the relation between the presentation ratio of 
the GoFeNi alloy shown in Table 2 of JR10 w TS9?2S>A. end saturation magnetic flux density Bs 
on 3 original drawings, 

[0242] There are few amounts of FeCs), and it is 30 mass % extent at the maximum, and, as for 
the GoFeNi alloy shown in Table 2 of JP,10 W 199726>A, saturation magnetic flux density Bs is also 
known by that it is about 1ST at the maximum, and Is hot over 2.0T. 

[0243] In this invention, by carrying out the amount of Fe(s) of a GoFeNi alloy more than 50 
mass % showed that saturation magnetic flux density Bs was made more than 2.0T by this 
experiment 

[0244] Moreover, if the amount of FeCs) is too large not much, while big and rou#H£ation of the 
diameter of crystal grain will become remarkable and of a film surface will became severe 
shortly, saturation magnetic flux density Bs also falls. When the amount of F^Cs) exeoeded 90 
mass | jt turned out that .saturation magnetic flux density Bs is less than 2JQ1\ 
[0245] Next, when 20 mass % was exceeded about the amount of niokel it turned out that 
saturation magnetic flux density Bs is less than SLOT. Moreover, if the amount of nickel was not Z 
mass % Applied, while membrane stress would become very large and film peeling would become 
easy to produce it at worsts it turned out that the passive state Rim as a precise oxide film is 
also hard to be farmed in the front face of a CoFeNi alloy, 

[0246] the presentation ratio of the CoFeNi afioy in this invention from the above-mentioned 
experimental result ™ the range of Co(es) f i.e., amount, In the slash of ^ of drawing 8 — the 
amount of nickel carried out [ the amount of Fe(s) ] to below 20 mass % below 90 mass % below 
48 mass % above 2 mass % above 50 mass % above 8 mass %. If it is this within the limits, 
saturation magnetic flux density 8s of a GoFoNi aiSoy wiil he made more than 2,0T, 
[02473 Moreover, in this invention, it considered as presentation within the limits surrounded with 
the - alternate long and short dash line of shown in drawing 8. as desirable range. This 
presentation within the limits is the presentation range of the CoFeNi alloy formed by the plating 
bath presentation of already explained Table 3. That is, for the amount of GoCesX the amount of 
Pets) is [ the amount of nickel 3 below 20 mass % below 71 mass % below 32 mass % above 2 
mass % above 58 mass % above 23 mass Ik Saturation magnetic flux density Bs is made mora 
than 2 1ST as It is this presentation within the limits, and the still higher saturation magnetic flux 
density Bs oars he obtain ed> 

[G248J And since big and roughH^ation of the diameter of crystal grain is controlled and the 
precise film is formed, of a film surface dan be controlled ap pro pri ate ly mid it is possible 
to hold down center lino average -oF roughness-height Ra of a film surface to §riro or less. 
[0249] Moreover, in this invention, It considered as presentation within the limits surrounded by 
the dotted line qf** shown in drawing f as more desirable range. This presentation within the 
limits is the presentation range of the GoFeNi alloy formed by the plating bath presentation of 
already explained Table 4, That is* said presentation ratio X of Co is below 28.3 mass % above 
23,3 mass %, said presentation ratio Y of Fe is below 67,5 mass % above S3 mass %> and the 
presentation ratio Z of said element alpha b below 13,6. mass % above 4,2 mass & Saturation 
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magnetic flux density 8s is made more than 2 ST as it is this presentation within the limits, and 
the still higher saturation magnetic flux density Bs can be obtained, 

[02503 And since big and mughHsatlon of the diameter of crystal grain is controlled and the 
precise film is formed, of a film surface can be controlled appropriately and it is possible 

to hold down center Sine average^Df-roughne^s-height Ra of a film surface to Shrn or less, 
[025 1 j Moreover, in this invention, it considered as presentation within the limits surrounded by 
the dotted line of"*# shown in drawing 8 as most desirable range. This presentation within the 
limits is the presentation range or the GoFeMi aiioy formed by the plating bath presentation of 
already explained Tabie 5. That is c the presentation ratio Z of the presentation ratio Y of the 
presentation ratios X and Fte of Go and Element alpha is within the limits surrounded by three 
points. 253 ~ (X c Y< Z) (26,5 mass 84.8 mass %, 8 J mass %}, (mass %, 63 mass %, i I S mass %}, 
and (23.3 mass %< @?.5 mass % t 9.2 mass %X Saturation magnetic flux density 8s can he made 
larger than 2.2.T as it is this presentation within the limits, and the stiff higher saturation 
magnetic flux density Bs ean be obtained. 

[0252] And since big and roughHzation of the diameter of crysta! grain is controlled and the 
precise film is formed^ of a film surface can be controlled appropriately and it m possible 

to Hold down center line average-ol^roughness^height Ra of a film surface to 5nm or less. 
[0253] Next, other soft magnetic characteristics or film properties of a OoFeNt alloy which are 
presentation within the limits of shown in drawing 8 thru/or and were formed are 
explained henoeforth [ drawing 0 X 

[0284] Drawing & is 3 original drawings showing the relation between the presentation ratio of a 
CoFeNi alloy, and coercive force. In presentation within the limits of** shown in drawing 0 
thru/or it turned out that coercive force He can be suppressed to 1 58 or less A/m> Although 
this numeric value becomes larger than a NIFe alloy; in spending a OoFeNi alloy as a magnetic 
pole of the thin film magnetic head, a problem wilt not be produced if coercive force Ho can be 
suppressed to 1580 or lass A/nx 

[0255] Drawing 10 is 3 original drawings showing the relation between the presentation; ratio of a 
CoFeNi alloy, and specific resistance In presentation within the limits of** shown in drawing 10 
thm/or **« it turned out that specific resistance is made more than ISmicro qhm-crn. On the 
other hand, the NsFe alloy could obtain specific resistance higher than it, md was specifically 
able to obtain the specffio resistance more than 35micro ohm-em, 

[0258] For this reason, as already explained, the eddy current loss in said up core layer 22 can 
be suppressed by using the CoFeNi alloy In this invention for the up magnetic pole layer 21 of 
drawing;; 2 , and using a NiFe alloy for the up core layer 22> magnetic flux can be smoothly passed 
in the up magnetic pole layer 21 from said up core layer 22 v and it is possible to aim at 
appropriately concentration of the magnetic flux to said up magnetic pole layer 21. 
[0257] Drawing 11 m 3 original drawings showing the relation between the presentation ratio of a 
CoFeNi alloy, and membrane stress. In presentation within the limits of shown in drawing 1 1 
thru/or **, it turned out that membrane stress can be held down to 400 or less niPas. Although 
this numeric value becomes larger than a NiFe alloy. In spending a CoFeNi alloy as a magnetic 
pole of the thin film magnetic head, a problem will not be produced if membrane stress can be 
held down to 400 or less niPas; 
[0258] 

[Effect of the invention] fn this invention explained in full detail above, the presentation ratio X 
of Co of a CoXFeYaJphaZ alloy It carries out to below 48 mass % above S mass %, the 
presentation ratio V of Fe is made below into 90 mass % above 50 mass % ; and it Is Element 
alpha (however, Element alpha), on the other hand there is nickel or Or — it is both 
presentation ratios Z — more than 2 mass % — below 20 mass % — carrying out — a 
presentation ratio — X*Y*2™100 mass % ™ by filling relation, it is stabilized and the saturation 
magnetic flux density Bs higher than a NiFe alloy beyond 2.0T can be obtained, 
[02S9j Moreover, it is desirable to fill with this invention the relation which makes said 
presentation ratio X of Co below 32 mass ! above 23 mass %, makes the presentation ratio Y of 
Fe below 71 mass 1 above 58 mass % y and presentation ratio X*Y*Z~10Q mass % Comes it below 
20 mass % to carry out the presentation ratio 2 of Element nickel above 2 mass %.. 
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[0260] Moreover, it is more desirable that said presentation ratio X of Co is below 28.3 mass % 
above 23.3 mass %, said presentation ratio Y of Fe is below 67.5 mass % above 63 mass %, and 
the presentation ratio Z of said element alpha fills with this invention the relation it presentation 
ratio X+Y+Z=100 mass % Comes [ % / below / 13.6 mass ] to be [ relation ] above 4.2 mass 96. 
[0261] Moreover, it is most desirable that the presentation ratio Z of the presentation ratio Y of 
the presentation ratios X and Fe of Co and Element alpha fills with this invention the relation 
which presentation ratio X+Y+Z=100 mass % Comes to be within the limits surrounded by three 
points, 25.5 = (X, Y, Z) (26.5 mass %, 64.6 mass %, 8.9 mass %), (mass %, 63 mass %, 1 1.5 mass %), 
and (23.3 mass %, 67.5 mass %, 9.2 mass %). 

[0262] Moreover, since it is nickel and Cr from which Element alpha makes the passive state film 
in the case of the CoFealpha alloy in this invention, the phenomenon of said CoFealpha alloy 
ionizing and beginning to melt into said CoFealpha alloy even if it carries out plating formation of 
the NiFe alloy in piles can be prevented. 

[0263] In this invention, the above-mentioned CoFealpha alloy can be used as core material of 
for example, the thin film magnetic head. It is possible to manufacture the thin film magnetic 
head which was excellent in high recording densityHzation by this, and was excellent also in 
corrosion resistance again. 



[Translation done.] 
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